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 This is the second Annual Report of the Water Quality Objectives
Subcommittee to be presented to the Implementation Committee and to the
Great Lakes Water Quality Board since the signing of the Great Lakes Water
Quality Agreement between the United States of America and Canada in 1972.
The report is a joint effort of the members of the Water Quality
Objectives Subcommittee and the Research Advisory Board's Standing
Committee on the Scientific Basis for Water Quality Criteria. It contains
proposals for the revision of existing, and for new water quality objec—
tives and supports these proposals with the latest information and data
available.
The report is published as Appendix A to the Fourth AnnualReport of
the Great Lakes Water Quality Board of the International Joint Commission.
This, however, does not imply that all of the proposals presented in this
report will be approved and recommended in the Board's 1975 Annual Report
to the Commission.
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The Water Quality Objectives Subcommittee presents the results
of its work in the year 1975-76 in this, the second annual report to
the Water Quality Board. It has persevered in its charge to develop
and recommend specific water quality objectives for the waters of the
Great Lakes to ensure against the loss of beneficial uses. This concept
was agreed to by the parties signatory to the 1972 Great Lakes Water
Quality Agreement. This year's report follows the philosophical approach
developed in the first annual reportfor the establishment and use of
water quality objectives.
The report deals comprehensively with a number of metals and proposes
an objective for each metal which, in the scientific judgment of the members
of the Subcommittee, will adequately protect the most sensitive defined use
of these Great Lakes waters. In addition to the metals, specific objectives
are proposed for cyanide, fluoride, guthion, diazinon, parathion, and
temperature.
The scientific information used by the Subcommittee in developing
each of the specific objectives recommended is included as a rationale
section with the objective.
Further, a status report is presented on the concept to limit effects
on the biota from point source inputs to the lakes by the allocation of
biological value loss in mixing zones.
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CHEMICAL CHARACTERISTICS
 
PERSISTENT TOXIC SUBSTANCES - INORGANIC
METALS
INTRODUCTION
It
can
be
generally
stated
that
all
natural
elements,
(metals,
metalloids
and
non—metallic
elements)
are
present
in
all
natural
waters,
in
sediments,
and
in
most
living
matter.
For
the
majority
of
these
elements,
their
occurrence
is
in
minute
concentrations,
much
below
analytical
detection
limits
of
sophisticated
monitoring
(less
than
ug/l
concentrations).
Obviously,
for
most
of
these
elements,
no
environmental
concern
is
valid
unless
they
are
discharged
at
concentrations
greater
than
present
in
the
receiving
waters.
Metals,
such
as
sodium,
potassium,
calcium
and
magnesium
are
found
in
mg/l
concentrations
in
most
waters.
They
are
essential
to
all
forms
of
life
as
basic
components
of
skeletal
systems
and
for
many
biological
processes
in
general.
Ions
of
such
metals
are
not
lethal
by
themselves
unless
at
very
high
concentrations
(>
1,000
mg/l).
On
the
other
hand,
metals,
in
particular
aluminum,
cadmium,
copper,
iron,
mercury,
nickel,
silver
and
zinc,
as
well
as
the
metalloids
selenium
and
arsenic,
are
common
to
all
natural
aquatic
systems
in
the
ug/l
range.
In
trace
quantities,
some
of
these
elements
are
essential
for
certain
biological processes
while
others
have
no
known
functions.
Whether
essential
or
not,
these
elements
are
lethal
to biota
at’high
concentrations
(<
100
mg/l)
and,
in
a
few
cases,
their
natural
background
levels
are
approaching
toxic
concentrations.
To
protect
the
aquatic
ecosystem,
these
elements
should
not be
allowed
to
increase
in
their
concentrations,
through
man's activities.
Sources
for
all elements
in
surface
waters
are
the
result
of
weathering
of
rocks
and
soils
(Table
1),
industrial
and
municipal
effluents
and
precipitation
of
airborne
matter.
In
fact,
it
has
been
calculated
that
some large
lakes
with
comparatively little
human activity
in
the
drain-
age
basin may
derive
the major
part
of
their metals
from precipitation.
Lake
sediments,
especially
in shallow lakes,
may
also be
an important
source
of
trace metals.
Such
a recycling
has been
observed
for mercury
and
is
well
known for the element phosphorus.
Chemistry
Dissolved Metals
In distilled
water,
dissolved
metals
largely exist
in
"free"
ionic
form,
that
is,
as very
weakly
complexed
hydroxy
or
aquo
complexes.
Because
of
Table 1.
Ave
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ks
in
mg/
kg
(Bo
wen
,
196
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4
5
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1
.0
5
3
5
5
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0
.03
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0
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.0
5
1
6
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20
0
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35
11
3
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8
0
0
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4
20
.
0
8
.
0
5
-
20
7
1
,
0
0
0
10
0
20
3
8
,
0
0
0
10
4
0
.0
6
.03
4
0
 their low complexformation constants, these elements are readily available
for any chemical reaction and for biological uptake. Consequently, any uptake by
organisms of such ionic metals from water will be rapid and proportionate
to their concentration.
However, natural waters always contain a significant amount of
dissolved organic material including humic acids, lignin derivatives, fatty
acids, amino acids, many other compounds from plant and animal origin,
as well as increasing amounts of synthetic chemicals. Most of these compounds
have one or more functional groups, such as hydroxy—, carboxy, sulfo— and
amino— groups, which may combine with "free" metal ions to form metal-ligand
complexes. Depending on the detailed structures of such ligands and the
chemical characteristics of the metal ions, complexation can completely mask
the availability of the metal ions for common reactions. Of course, any two
ligands will act differently on a given set of metal ions and, as a result,
the biological effects of a mixture of metal ions and organic compounds is
extremely difficult to predict. If, as in the case of certain synthetic
chemicals, the complex formation is very strong and no other physical, chemical
or microbial degradation of the complex took place, quite high concentrations
of toxic metal ions could be present without immediate harmful effects to
aquatic life.
Organo-metallic Compounds
 
Chemical compounds of organo—metallic nature, that is with direct
carbon-metal bonds, have beenknown to chemists for a long time. Recently
it has been found that certain metals (for example mercury,) can be methylated
by microbial action in sediments and these compounds can enter the aquatic
food chain. Because of their partially organic nature, such compounds are
likely to be associated with fatty tissues, where they may be stored and
accumulated. At the same time, these compounds may produce strong toxic effects
on the accumulator organism. .
There is still comparatively little understanding of the biological
and environmental behaviour and effects of organo—metallic compounds.
Studies to determine which elements can be methylated or transformed to
organo—metallic forms in aquatic ecosystems are presently under way. So far,
in addition to mercury and arsenic, the elements lead, tin, cadmium, and
selenium may be able to undergo such reactions.
Particulate and Colloid Metals
Trace metals may also be found in water in forms such as hydroxides,
oxides, silicates, phosphates or carbonates which are commonly part of
the particulate matter from either biological or mineral origin. Metals
which become adsorbed or chemically bound by particulate organic matter
are sedimented with the organic matter thereby providing a major route
for their removal from aquatic systems.
Additionally, trace metals may be found as hydroxides and their
dehydrated forms in very finely dispersed particulate matter of a few
hundred to a few thousand molecular units. These aggregates or colloids
are uSually formed by precipitation of dissolved metals as a result of pH
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ai
la
bl
e
for
La
ke
s
Mi
ch
ig
an
,
St.
Cl
ai
r,
Er
ie
an
d
On
ta
ri
o.
Ot
he
r
da
ta
on
co
nc
en
tr
at
io
ns
of
me
ta
ls
in
wa
te
rs
is
fr
om
pu
bl
is
he
d
so
ur
ce
s
an
d
th
e
ac
cu
ra
cy
of
the
da
ta
ha
s
no
t
be
en
as
se
ss
ed
.
Biological Effects and Monitoring Problems
Sp
ra
gu
e
(1
97
0)
in
hi
s
re
vi
ew
of
th
e
ut
il
it
y
of
bi
oa
ss
ay
re
su
lt
s
in
di
ca
te
d
th
at
fo
r
fi
sh
at
di
ff
er
en
t
ti
me
s
an
d
pl
ac
es
,
"p
re
ci
pi
ta
te
d"
zi
nc
wa
s
le
ss
to
xi
c,
eq
ua
ll
y
as
to
xi
c
or
mo
re
to
xi
c
th
an
"i
on
ic
"
zi
nc
.
Th
is
am
bi
gu
it
y
wa
s
pr
ob
ab
ly
th
e
re
su
lt
of
th
e
in
ab
il
it
y
of
va
ri
ou
s
au
th
or
s
to
me
as
ur
e
th
e
va
ri
ou
s
fo
rm
s
Concentrations (pg/l) of metals in filtered water samples from the epilimnion of the Upper Great Lakes.
Thane statistics represent values from many stations within a lake sampled several times within a year.
The statistics are derived from an unpublished draft of the 1975 Report of the Upper Lakes Reference
Group, IJC. Data on Lake Huron, Georgian Bay and the North Channel are from Vol. II. Chapter 5.3 and
Ihblo L
the data for Lake Superior, are from Vol. 111, Chapter 5.3
Cadmium
Chromium
Copper
Iron
Lead
Hercury
Nickel
Zinc
Cadmium
Chromium
Copper
Iron
Lead
Hercury
Nickel
Zinc
  
LAKE SUPERIOR, RORTH CHANNEL,
- 1973 LAKE HURON - 1974
Detec
tion
Percen
t of
Modal
95 per
centil
e
Detec
tion
Perce
nt of
Modal
95 pe
rcent
ile
Limit
Sample
s bel
ow C
onc'n.
Concen
tratio
n
Limit
Sample
s bel
ow Co
nc'n.
Conce
ntrat
ion
__jD.L.) 0.L. D.L.
0.2 72 (0.2 0.6 0.2 100 {0.2 0.2
0.2 63 (0.2 0.4 0.2 95 60.2 0.2
0.5 5 2.0 - 2.5 5.0 0.5 5 1.0 5.0
0.5
3
1.0 -
1.5
7.0
0.5
3
1.5 -
2.5
4.5
1.0
63
(1.0
3.0
1.0
98
61.0
1.0
0.05
7
0.1 -
0.15
0.25
-
-
-
-
1.0
66
‘1.0
5.0
1.0
10
2.0
~ 5.
0
6.0
1.0
72
7 +
10
‘0
1.0
2
3.0
6.0
GEORGIAN BAY, LAKE HURON,
LAKE HURON - 1974 -,1971
Detec
tion
Perce
nt of
Modal
95 pe
rcent
ile
Detec
tion
Perce
nt o
f
Modal
95 pe
rcent
ile
Limit
Sampl
es B
elow
Conc'
n.
Conce
ntrat
ion
Limit
Sampl
es B
elow
Conc'
n.
Conce
ntrat
ion
(DJ...) 0.1.. 0.1..
0.2
96
{0.2
0.2'
0.2
98
(0.2
0.2
0.2
94
60.2
0.5
0.1
70
{0.1
0.6
0.5 25 1.0 4.5 0.25 28 60.25 *
0.5
5
1.5
- 3.5
0.25
12
1.0
2.0
1.0
90
$1.0
1.0 -
2.0
0.5
38
{0.5
1.5
1.0
10
2.0
5.0
0.5
87
{0.5
5.0
1.0
20
2.0
9.0
0.5
5‘
$0.5
*
‘Could not be determined from the data available.
 of
zin
c.
On
the
oth
er
han
d,
tox
ici
ty
of
cop
per
has
bee
n
rel
ate
d,
wit
h
re
as
on
ab
le
su
cc
es
s,
to
me
as
ur
em
en
t
of
sp
ec
if
ic
fo
rm
s.
As
a w
ork
ing
met
hod
for
som
e
met
als
,
fai
rly
goo
d
cor
rel
ati
ons
wit
h
bio
log
ica
l
ava
ila
bil
ity
and
hen
ce
tox
ici
ty,
hav
e
bee
no
bta
ine
d b
y
ass
umi
ng
tha
t
sol
ubl
e
tox
ic
for
ms
pas
s
a 0
.45
u f
ilt
er
whi
le
ins
olu
ble
non
—to
xic
for
ms
do
not
.
It
is
rec
ogn
ize
d
how
eve
r,
tha
t
the
act
ual
sep
ara
tio
n o
f
the
se
for
ms
is
not
tha
t
sim
ple
.
For
ms
whi
ch
wer
e
ret
ain
ed
by
the
fil
ter
, c
oul
d
be
a
res
erv
oir
of
pot
ent
ial
ly
tox
ic
for
ms
whi
ch
may
rea
dil
y
red
iss
olv
e
und
er
cha
ngi
ng
con
dit
ion
s.
Pul
se
pol
aro
gra
phy
has
bee
n
use
d
to
mea
sur
e
"la
bil
e"
and
"no
n-l
abi
le"
for
ms
of
cop
per
,
but
lab
ili
ty
has
not
bee
n
dir
ect
ly
rel
ate
d
to
tox
ici
ty
to
alg
ae
(Ga
cht
er
g£_
al.
,
197
3).
Spe
cif
ic
ion
ele
ctr
ode
s
wer
e
use
d
to
mea
Sur
e
ion
act
ivi
ty
of
cop
per
(Zi
tko
§£_
al,
,
197
3).
Whi
le
the
mea
sur
ed
ion
act
ivi
ty
was
rou
ghl
y r
ela
ted
to
cop
per
tox
ici
ty
to
sal
mon
, a
n i
on
act
ivi
ty
bel
ow
200
ug/
l
cou
ld
onl
y b
e
det
erm
ine
d b
y
ext
rap
ola
tio
n.
Sha
w a
nd
Bro
wn
(19
74)
als
o
cor
rel
ate
d
cop
per
tox
ici
ty
to
tro
ut
wit
h
ion
act
ivi
ty
as
wel
l
as
wit
h
est
ima
ted
con
cen
tra
tio
ns
of
car
bon
ate
—co
mpl
exe
d
and
NTA
—co
mpl
exe
d
cop
per
.
The
y
con
clu
ded
tha
t
tox
ici
ty
was
bes
t
cha
rac
ter
ize
d
by
the
tot
al
of
cop
per
(II
)
(2
ion
act
ivi
ty)
and
cop
per
car
bon
ate
and
not
by
a s
ing
le
for
m
alone.
The
sta
nda
rd
che
mic
al
pro
ced
ure
of
aci
dif
yin
g
sam
ple
s
to
pH
2 s
olu
bil
ize
s
man
y l
oos
ely
—bo
und
for
ms
of
cop
per
(=
"ac
id
ext
rac
tab
le"
).
Whi
le
thi
s m
ay
be
und
esi
rab
le
whe
n c
arr
yin
g o
ut
tox
ici
ty
tes
ts,
it
is
an
ess
ent
ial
pro
ced
ure
for
ass
ass
ing
loa
din
gs
and
for
ass
ess
ing
the
pot
ent
ial
har
m o
f t
oxi
c f
orm
s
and
res
erv
oir
s o
f c
opp
er,
as
wel
l a
s t
emp
ora
ril
y i
nac
tiv
e f
orm
s o
f c
opp
er.
Rem
ova
l o
f p
hyt
o—
and
zoo
pla
nkt
on
fro
m a
sam
ple
is
pro
bab
ly
unn
ece
ssa
ry
bec
aus
e
the
ir
met
al
con
cen
tra
tio
ns
are
low
and
the
ir
con
tri
but
ion
to
tot
al
met
al
con
cen
tra
tio
ns
in
wat
er
sam
ple
s
is
min
or.
For
exa
mpl
e,
cop
per
con
cen
tra
tio
ns
in
Lak
e M
ich
iga
n p
hyt
o—
and
zoo
pla
nkt
on
wer
e
6 a
nd
5 m
g/k
g
wet
wei
ght
res
pec
tiv
ely
(Co
pel
and
and
Aye
rs,
197
2).
Ass
umi
ng
a L
ake
Eri
e
sea
son
al
max
imu
m
den
sit
y
of
phy
top
lan
kto
n
of
14
mg/
l
(Vo
lle
nwe
ide
r
g£_
al.
,
197
4)
and
of
zoo
pla
nkt
on
of
1 m
g/l
(Wa
tso
n,
197
4),
the
tot
al
cop
per
in
pla
nkt
on
wou
ld
be
equ
iva
len
t t
o 0
.08
9 u
g/l
of
cop
per
in
the
wat
er.
Cop
per
con
cen
tra
tio
ns
in
Lak
e M
ich
iga
n w
ate
r a
ver
age
5 u
g/l
(Co
pel
and
and
Aye
rs,
197
2).
Thu
s
in
who
le—
wat
er
the
max
imu
m
err
or
in
the
met
al
con
cen
tra
tio
n
of
the
sam
ple
dur
ing
pla
nkt
on
blo
oms
wou
ld
be
abo
ut
2%.
Thi
s v
alu
e m
ay
be
too
hig
h s
inc
e p
lan
kto
n i
n a
blo
om
mig
ht
dep
let
e t
he
met
al
ion
s i
n t
he
wat
er
bei
ng
sam
ple
d r
ath
er
tha
n a
ddi
ng
met
al
ion
s.
The
re
is
als
o a
pos
sib
ili
ty
of
zoo
pla
nkt
on
"sw
arm
s"
wit
h d
ens
iti
es
app
roa
chi
ng
one
gra
m p
er
lit
re.
Suc
h
"sw
arm
s"
mig
ht
con
tri
but
e s
ign
ifi
can
tly
to
met
al
con
cen
tra
tio
ns
but
the
pro
ble
m c
oul
d b
e a
voi
ded
by
not
sam
pli
ng
und
er
suc
h e
xtr
eme
con
dit
ion
s.
In
add
iti
on,
fil
tra
tio
n t
o r
emo
ve
mic
ro-
org
ani
sms
cou
ld
be
ano
the
r
pro
ble
m -
- t
he
fil
ter
may
add
or
rem
ove
ion
ic
cop
per
(Ma
rvi
n e
£_a
l,,
197
0).
A
fur
the
r
pro
ble
m m
ay
be
ano
mal
ous
ly
hig
h
con
cen
tra
tio
ns
of
met
als
in
sam
ple
s
obt
ain
ed
fro
m
tur
bid
ins
hor
e w
ate
rs
aff
ect
ed
by
sho
rel
ine
ero
sio
n.
The
se
con
cen
tra
tio
ns
sho
uld
be
int
erp
ret
ed
wit
h
cau
tio
n.
The
mea
sur
eme
nt
of
met
als
in
a
sam
ple
tha
t
has
bee
n
all
owe
d
to
set
tle
or
tha
t
has
bee
n
fil
ter
ed
cou
ld
als
o
giv
e
err
one
ous
res
ult
s
if
met
als
whi
ch
are
eas
ily
dis
sol
ved
10
fr
om
pa
rt
ic
ul
at
e
ma
tt
er
we
re
re
mo
ve
d.
Sti
ff
(19
71)
has
ass
emb
led
a v
ari
ety
of
met
hod
s a
nd
has
out
lin
ed
an
ana
lyt
ica
l r
out
ine
for
dif
fer
ent
iat
ing
var
iou
s f
orm
s o
f c
opp
er.
How
eve
r,
res
ult
s o
f t
his
app
roa
ch
hav
e y
et
to
be
cor
rel
ate
d t
o t
oxi
cit
y t
est
s i
n a
var
iet
y o
f w
ate
rs
and
are
not
sui
tab
le
for
app
lic
ati
on
to
rou
tin
e m
oni
tor
ing
.
How
eve
r,
it
is
hop
ed
tha
t f
utu
re
dev
elo
pme
nts
in
the
met
hod
olo
gy
for
ide
nti
fyi
ng
the
var
iou
s f
orm
s o
f m
eta
ls
wil
l a
llo
w f
or
ref
ine
men
ts
of
obj
ect
ive
s.
Obv
iOu
sly
any
suc
h r
efi
nem
ent
in
the
det
erm
ina
tio
n o
f t
he
che
mic
al
and
phy
sic
al
spe
cif
ica
tio
n o
f a
n e
lem
ent
wil
l a
lso
req
uir
e m
ore
elaborate sampling and storage procedures.
The
ref
ore
, u
nti
l t
he
rel
ati
ons
hip
bet
wee
n m
eta
l f
orm
s a
nd
the
ir
tox
ici
ty
is
fir
mly
est
abl
ish
ed,
and
unt
il
the
re
are
rel
iab
le
met
hod
s f
or
mon
ito
rin
g
suc
h f
orm
s,
wat
er
qua
lit
y o
bje
cti
ves
for
met
als
wil
l r
efe
r t
o t
ota
l
con
cen
tra
tio
ns
of
eac
h m
eta
l i
n a
n u
nfi
lte
red
,
(wh
ole
wat
er)
, d
ige
ste
d s
amp
le.
 
Setting Objectives for Metals for Aquatic Biota
Con
cen
tra
tio
ns
of
met
als
tha
t a
re
abo
ve
the
lev
el
req
uir
ed
for
the
nut
rit
ion
of
aqu
ati
c o
rga
nis
ms
but
whi
ch
are
bel
ow
the
ir
let
hal
lev
el
may
pro
duc
e s
ubt
le
det
rim
ent
al
eff
ect
s t
o t
hei
r o
rga
nis
ms.
The
se
eff
ect
s m
ay
ran
ge
fro
m t
he
inh
ibi
tio
n o
f a
sin
gle
enz
yme
to
fai
lur
e i
n r
epr
odu
cti
on.
The
inh
ibi
tio
n o
f a
sin
gle
enz
yme
may
be
of
min
or
con
seq
uen
ce
or
it
may
con
tri
but
e
to
rep
rod
uct
ive
fai
lur
e.
If
an
aqu
ati
c
org
ani
sm
is
aff
ect
ed
in
som
e
way
by
a m
eta
l
so
tha
t
it
fai
ls
to
rep
rod
uce
,
the
pop
ula
tio
n
of
tha
t
org
ani
sm
may
dis
app
ear
wit
hou
t
evi
den
t
dir
ect
mor
tal
ity
.
Red
uct
ion
s
in
gr
ow
th
or
in
th
e
ef
fi
ci
en
cy
of
va
ri
ou
s
ph
ys
io
lo
gi
ca
l
fu
nc
ti
on
s,
ch
an
ge
s
in
be
ha
vi
ou
r,
or
oc
cu
rr
en
ce
of
ph
ys
ic
al
ab
no
rm
al
it
ie
s
ma
y
al
l
re
du
ce
th
e
pro
bab
ili
ty
of
Suc
ces
sfu
l
rep
rod
uct
ion
of
an
org
ani
sm.
In
par
tic
ula
r,
avo
ida
nce
of
sub
let
hal
con
cen
tra
tio
ns
of
pol
lut
ant
s m
ay
be
har
mfu
l t
o
pop
ula
tio
ns
of
fis
h b
y
pre
ven
tin
g m
igr
ati
on
to
spa
wni
ng
are
as
or
fav
our
abl
e
feeding areas.
Thu
s,
the
obj
ect
ive
s
for
met
als
are
set
at
saf
e
con
cen
tra
tio
ns
for
aqu
ati
c
spe
cie
s.
Saf
e
con
cen
tra
tio
ns
are
det
erm
ine
d
as
the
max
imu
m
con
cen
tra
tio
ns
sho
wn
to
hav
e
no
har
mfu
l
eff
ect
on
any
or
all
asp
ect
s
of
an
aqu
ati
c
org
ani
sm'
s
rep
rod
uct
ion
,
phy
sio
log
y,
beh
avi
our
,
gro
wth
or
any
oth
er
fun
cti
on
or
act
ivi
ty
ess
ent
ial
for
the
mai
nte
nan
ce
of
its
pop
ula
tio
n.
In
add
iti
on
the
re
sho
uld
be
no
det
rim
ent
al
eff
ect
on
a
fis
her
y
bas
ed
dir
ect
ly
or
ind
ire
ctl
y
on
tha
t
org
ani
sm.
An
uns
afe
con
cen
tra
tio
n
is
any
con
cen
tra
tio
n
having a harmful effect.
Sa
fe
co
nc
en
tr
at
io
ns
ar
e
us
ua
ll
y
de
ve
lo
pe
d
by
la
bo
ra
to
ry
me
as
ur
em
en
ts
of
sub
let
hal
tox
ici
ty.
A m
eaS
ure
men
t
of
con
cen
tra
tio
ns
inh
ibi
tin
g
re
pr
od
uc
ti
on
or
pr
od
uc
in
g
mo
rt
al
it
y
of
a
se
ns
it
iv
e
li
fe
st
ag
e
pr
ov
id
es
a
di
re
ct
me
as
ur
em
en
t
of
th
e
un
sa
fe
co
nc
en
tr
at
io
n.
Me
as
ur
em
en
ts
of
co
nc
en
tr
at
io
ns
in
hi
bi
ti
ng
ph
ys
io
lo
gi
ca
l
pr
oc
es
se
s
ar
e
mo
st
us
ef
ul
wh
en
th
e
re
le
va
nc
e
to
ma
in
ta
in
in
g
a
po
pu
la
ti
on
of
th
e
te
st
or
ga
ni
sm
is
de
fi
ne
d.
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Sa
fe
co
nc
en
tr
at
io
ns
ma
y
be
de
ri
ve
d
fr
om
th
re
e
me
as
ur
em
en
ts
:
(a)
(b)
(c)
Th
e
Ma
xi
mu
m
Ac
ce
pt
ab
le
To
xi
ca
nt
Co
nc
en
tr
at
io
n
(M
AT
C)
as
de
fi
ne
d
by
Mo
un
t
an
d
St
ep
ha
n
(1
96
7)
co
ns
is
ts
of
tw
o
nu
mb
er
s:
(1)
th
e
lo
we
st
co
nc
en
tr
at
io
n
of
a
to
xi
ca
nt
ha
vi
ng
a
ha
rm
fu
l
ef
fe
ct
on
an
or
ga
ni
sm
(u
ns
af
e)
and
(2)
the
hi
gh
es
t
co
nc
en
tr
at
io
n
no
t
pr
od
uc
in
g
th
at
ef
fe
ct
(s
af
e)
.
Th
e
th
re
sh
ol
d
of
re
sp
on
se
oc
cu
rs
so
me
wh
er
e
be
tw
ee
n
th
es
e
two concentrations.
A
di
re
ct
me
as
ur
em
en
t
of
th
e
th
re
sh
ol
d
co
nc
en
tr
at
io
n
ca
us
in
g
th
e
ha
rm
fu
l
ef
fe
ct
.
Th
es
e
da
ta
ma
y
be
le
ss
us
ef
ul
if
th
er
e
ar
e
no
li
mi
ts
gi
ve
n
to
th
e
ra
ng
e
of
th
re
sh
ol
d
co
nc
en
tr
at
io
ns
.
Th
e
ap
pl
ic
at
io
n
fa
ct
or
co
nc
ep
t
pr
ov
id
es
th
e
th
ir
d
so
ur
ce
of
da
ta
fo
r
ob
je
ct
iv
es
si
nc
e
it
is
th
e
ra
ti
o
of
MA
TC
's
to
96
—h
ou
r
LC
so
‘s
.
Co
ns
eq
ue
nt
ly
,
an
ap
pl
ic
at
io
n
fa
ct
or
ca
n
es
ti
ma
te
th
e
MA
TC
fo
r
a
pa
rt
ic
ul
ar
sp
ec
ie
s
af
te
r
a
si
mp
le
96
—h
ou
r
LC
so
me
as
ur
em
en
t.
Si
nc
e
th
er
e
ar
e
er
ro
r
li
mi
ts
to
bo
th
th
e
ap
pl
ic
at
io
n
fa
ct
or
an
d
th
e
96
-h
ou
r
LC
so
,
a
di
re
ct
es
ti
ma
ti
on
of
th
e
MA
TC
by
ex
pe
ri
me
nt
at
io
n
is
pr
ef
er
ab
le
.
It
is
th
e
in
te
nt
of
th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d
to
pr
ov
id
e
a
qu
al
it
y
of
wa
te
r
in
th
e
Gr
ea
t
La
ke
s
th
at
wi
ll
pr
ot
ec
t
al
l
wa
te
r
us
es
.
Therefore, the
pr
op
os
ed
ob
je
ct
iv
es
fo
r
th
e
me
ta
ls
th
at
fo
ll
ow
ar
e
ba
se
d
on
th
e
mo
st
se
ns
it
iv
e
of
th
e
de
fi
ne
d
us
es
of
th
es
e
Gr
ea
t
La
ke
s
wa
te
rs
.
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Table 3
Concentrations (pg/l) of metals in filtered Great Lakes water
sampled from municipal
water intakes between
1962 and 1967 (Kopp an
d Kroner, 1970).
 
Detection Lak
e Superior
Lake Michigan
Lake Huron Lake
St.Clair Lake E
rie St. Lawrence
R.
Limitse at Duluth
at St. Mary's R. at M
ilwaukee at Gary a
t Port Huron at
Detroit at Bu
ffalo at Massena
Metal (pg/l)
Meanr Range Mean R
ange Mean Range M
ean Range Mean Ran
ge Mean Range
Mean Range Mean
Range
 
Aluminum 40 ll NBS-26 6 ND-lO Not measured 21 ND-58 24 ND—65 29 ND-68 31 ND-66 39 ND—le
 
Arsenic 100 Not measured -——- -—-——— ——--—-——- —- -—-'—— -*—- '—- "‘——‘—' ‘- —"““ 38 ND—58
Cadmium 20 Not measured ———» ———-—- -——— ———————— ——— —————~ -—- —————— -- -—-—-—- 7 ND-lZ Not measured
Chromium 10 9 ND—ZO 3 ND-7 -—— ——“ 10 ND-l9 5 ND-8 8 ND-l3 7 ND—lO 26 N'D-112
Copper 10 3 3-36 5 2-28 13 ND-34 6 ND-7 10 4—20 8 6-13 24 10—56 7 ND-23
1
3
Iron 10 23 2-83 19 ND-168 20 ND—37 49 ND-114 16 ND-53 23 ND-62 19 4-34 22 ND-171
Lead 40 “‘ "2 6 ND-lZ l3 ND-20 34 ND—SS 14 ND-28 21 ND-53 Not measured 22 ND-48
Nickel 20 ~— —-3 11 ND—28 ND ND ND ND ND ND ~- —‘ ~— —-—7 7 ND—lO
Silver
2 No
t measured
V._. __
._ _
._ ._
__ _
._ ____
._ _
2.6 “9-5
.0
Zinc 20 9 ND-17 41 2-406 13 ND-23 25 10—55 12 ND—ZO 24 ND-69 173 64—423 41 ND—210
. Mean of concentrations above limits of detection in extracted samples.
Only two detections: 7 and 20 ug/l.
Only one detection: 2 ug/l.
Only two detections: 2 and 4 pg/l.
ND = not detected at limits of analytical method.
Only two detections: 5 and 20 ug/l.
Only two detections: l3 and 21 ug/l.
8. Extraction method
s allow the measuremen
t of concentration bel
ow
normal dete
ction limits
.
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ALUMINUM
RECOMMENDATION
No objective for aluminum is recommended at this time due to an
inadequate data base on the effects of aluminum on aquatic biota.
RATIONALE
Aluminum is an abundant element in nature, especially in rocks and
ores (Table l). The metal itself is insoluble, but many of the salts
are quite soluble. The occurrence of the metal in surface waters is
limited because it is precipitated and adsorbed. The behaviOur of
aluminum in aqueous solutions is extremely intricate, forming a variety
of sensitive complexes with water. The solubility of aluminum in natural
waters is a direct function of pH, being more soluble at values of pH
above and below 5.5. Concentrations of total aluminum in offshore Great
Lakes waters are usually less than 10 ug/l (CCIW, unpublished data).
In water intakes, concentrations may be as high as 148 ug/l but the
mean
valu
es
are
40 u
g/l
or l
ess
(Tab
le 3
).
The
high
conc
entr
atio
ns
in o
ff—
shore or intake waters appear principally in the Lower Lakes.
The usefulness of water for steam generation can be restricted by
the presence of aluminum. Boiler feedwater to be used in high pressure
situations may have to be treated to achieve aluminum concentrations
less than 10 ug/l. Recirculation makeup water may be required to have an
aluminum content of no more than 100 ug/l. Once—through cooling systems
can utilize water as received without its use being restricted by the
alu
min
um
con
cen
tra
tio
ns
(NA
S/N
AE,
197
3).
Oth
er
ind
ust
ria
l p
roc
ess
es
do
not generally have restrictions on the aluminum concentration in
process water.
There is no evidence for a nutritional requirement for aluminum of
plan
ts o
r an
imal
s (
Bowe
n, 1
966;
Unde
rwoo
d, 1
971)
. W
ater
for
live
stoc
k ca
n
be
use
d w
ith
con
cen
tra
tio
ns
of
up
to
5,0
00
ug/
l w
ith
out
har
m (
NAS
/NA
E,
197
3).
Aluminum is not considered a public healthproblem in public water supplies.
In f
act,
"alu
m" i
s wi
dely
used
as a
coag
ulan
t in
the
trea
tmen
t of
wate
r fo
r
public water supplies. A report by Capen (1939) states that alum at a
conc
entr
atio
n of
100
ug/l
as a
lumi
num
in s
wimm
ing
pool
s ma
y ca
use
eye
irri
tati
on.
Ther
e ar
e no
stan
dard
s fo
r al
umin
um i
n th
e dr
inki
ng w
ater
s of
Canada (DNHW, 1969) or the U.S. (NAS/NAE, 1973).
Phy
tot
oxi
cit
y f
rom
irr
iga
tio
n w
ate
rs
con
tai
nin
g a
lum
inu
m d
epe
nds
larg
ely
on s
oil
pH.
Alka
line
pH v
alue
s ca
use
the
alum
inum
salt
s to
pre
cip
ita
te
in
the
soil
.
Low
soi
l p
H (
less
tha
n a
bou
t 5
.5)
doe
s n
ot
all
ow
thi
s p
rec
ipi
tat
ion
to
occ
ur,
the
reb
y c
rea
tin
g a
tox
ici
ty
con
dit
ion
tho
ugh
t t
o b
e d
ue
to
the
alu
min
um
ion.
A m
axi
mum
alu
min
um
con
cen
tra
tio
n
of
5,0
00
ug/
l i
s r
eco
mme
nde
d f
or
irr
iga
tio
n w
ate
rs
wit
h
muc
hhi
ghe
r
val
ues
all
owa
ble
for
the
neu
tra
l o
r a
lka
lin
e s
oil
s (
NAS
/NA
E,
197
3).
 
  
Th
e
to
xi
ci
ty
of
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c
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em
an
,
19
73
).
D
o
ud
o
r
o
f
f
an
d
Ka
tz
(1
95
3)
,
r
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r
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ra
l
an
d
ba
si
c
me
di
a
to
ra
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ra
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re
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.
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ad
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ad
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.
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ARSENIC
RECOMMENDATION
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en
de
d
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at
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e
fo
ll
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in
g
ne
w
ob
je
ct
iv
e
fo
r
ar
se
ni
c
be
adopted:
Co
nc
en
tr
at
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of
to
ta
l
ar
se
ni
c
in
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un
fi
lt
er
ed
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te
r
sa
mp
le
sh
ou
ld
no
t
ex
ce
ed
50
mi
cr
og
ra
ms
pe
r
li
tr
e
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pr
ot
ec
t
ra
w
wa
te
rs
fo
r
pu
bl
ic
water supplies.
RATIONALE
Th
er
e
ar
e
se
ve
ra
l
fo
rm
s
of
ar
se
ni
c
fo
un
d
in
fr
es
h
wa
te
r;
th
e
mo
st
co
mm
on
ar
e
th
e
ar
se
ni
c
an
d
ar
se
ni
ou
s
ac
id
s,
th
e
ox
id
es
of
ar
se
ni
c
(A
52
03
),
an
d
so
me
su
lp
hu
r
co
mp
ou
nd
s
(r
ea
lg
ar
an
d
or
pi
me
nt
).
Th
e
fo
rm
in
wh
ic
h
on
e
fi
nd
s
ar
se
ni
c
in
fr
es
h
wa
te
r
is
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rg
el
y
de
pe
nd
en
t
up
on
th
e
eH
an
d
pH
va
lu
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of
th
e
wa
te
r
(F
er
gu
so
n
an
d
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s,
19
72
).
Ar
se
ni
c
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so
fo
un
d
in
wa
te
r
in
a
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ri
et
y
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sa
lt
fo
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s,
su
ch
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di
um
ar
se
ni
te
an
d
so
di
um
ar
se
na
te
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ic
al
fo
rc
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ch
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he
ri
ng
re
pr
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en
t
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th
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ic
h
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se
ni
c
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y
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te
r
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e
aq
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ti
c
ec
os
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te
m.
It
ha
s
be
en
fo
un
d
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at
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me
ig
ne
ou
s
ro
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s
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an
ar
se
ni
c
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nt
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t
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ab
ou
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;
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e
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n
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d
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c
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at
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e
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d
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e
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n
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at
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1
ug
/g
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ni
c
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s
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at
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d
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;
Gi
ld
er
hu
s,
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c
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of
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19
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metallurgy (Fenwick, 1972).
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19
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e
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a
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e
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ar
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10
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0
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/l
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ve
be
en
re
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ed
(OM
E,
19
71
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se
ni
c
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s
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kn
ow
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e
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lu
e
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r
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(B
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en
,
19
66
)
an
d
it
s
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se
nt
ia
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fo
r
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al
s
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en
.
Ho
we
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r,
ar
se
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c
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th
e
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rm
of
ar
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c
ac
id
,
4-
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op
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1a
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on
ic
ac
id
,
3—
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o—
4-
hy
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ox
y—
ph
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yl
ar
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c
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id
an
d
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yl
-a
rs
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id
e
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e
pr
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en
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ow
th
st
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ul
an
ts
fo
r
18
 pigs
and
poultry
(Underwood,
1971).
Arsenic
is
classified
by
Bowen
(1966)
as
moderately
toxic
to
plants
(toxic
effects
appear
at
concentrations
between
1
and
100
mg/l
in
the
nutrient
solution).
Arsenic
is
highly
toxic
to
animals
and
it
is
a
cumulative
poison.
Acute
poisoning
produces
intestinal
pain,
vomiting
and
can
lead
to
death.
Chronic
symptoms
include
cramps,
nausea
and
liver
damage
(Fenwick,
1972).
In
accordance
with
the
"Safe
Drinking
Water
Act",
(PL-93—523),
the
U.S.
Environmental
Protection
Agency
proposed
interim
drinking
water
standards
in
the
Federal
Register
on
March
14,
1975.
The
maximum
con—
taminant
level
for
arsenic
is
proposed
to
be
50
ug/l,
the
same
value
as
in
the
existing
standards.
Recently,
the
National
Academy
of
Sciences
(NAS/NAE,
1973)
has
recommended
a
maximum
level
of
100
ug/l
total
arsenic
"because
of
adverse
physiological
effects
on
humans
and
because
there
is
inadequate
information
on
the
effectiveness
of
defined
(water)
treatment
procedures
in
removing
arsenic."
The
existing
guidelines
for
raw
water
in
Canada
(1968
Canadian
Drinking
Water
Standards
and
Objectives
—
under
review)
specify
an
acceptable
arsenic
level
of
10
ug/l
and
a
maximum
permissible
level
of
50
ug/l.
For
livestock
an
upper
limit
of
200
ug/l
of
arsenic
in
water
is
recommended
(NAS/NAE,
1973)
The
presence
of
arsenic
in
the
aquatic
environment
has
been
shown
in
some
cases
to
have
deleterious
effects
on
organisms.
Some
workers
have
used
sodium
arsenite to
determine
the
lethality
of
arsenic
on
test
organisms
(Gilderhus,
1966),
while
others
have
used
arsenite
as
arsenic
trioxide
(Holland,
1960).
The
lethal
concentrations
of
both
arsenate
and
arsenite
for
some
algae
fall
between
2,000
and
10,000
ug/l
(Wong,
1975).
The
three
week
LCso
of
sodium
arsenate
to
Daphnia
magna
was
2,850
ug/l while
the
concentrations
causing
50 and
16%
impairment
of
reproduction
were
1,400
and
520
ug/l,
respectively
(Biesinger
and
Christensen,
1971).
Little
is
known
about
the
effects
of
sodium
arsenite
on
invertebrate
and
fish
physiology.
It
is
mainly
used
as
a
herbicide,
but
it
may
also
be
used as a deterrent to Toredo
infestation of wooden structures in salt
water.
The 48-hour
LCSO
of
sodium arsenite
to
chum salmon
(Oncorhynchus
keta)
is
about
11,000
ug/l
(Alderdice and
Brett,
1957).
Holland
(1960)
noted
22%
initial
mortality
of young
pink
salmon exposed
to
5,300
ug/l
arsenic,
but
mortality in the survivors continued for an additional 20 days.
Recently,
Speyer
(1974)
found
6,000
ug/l
arsenic
to be
the
lowest
level
affecting
growth
of
rainbow
trout
although
the
response was
increased
by
the
presence
of
200
ug/l
HCN.
Lawrence
(1958)
investigated
the effect
of
arsenic
trioxide
on
fish production
using ponds
stocked
with
bluegills.
At
4,000
ug/l
and
8,000 ug/l, reduction of bottom organisms as compared to the controls was
34% and 45%, respectively.
The weight of fish harvested was also sub-
stantially reduced in the treated ponds.
Conditioned avoidance behaviour
  
  
of
go
ld
fi
sh
wa
s
si
gn
if
ic
an
tl
y
im
pa
re
d
by
10
0
ug
/l
ar
se
ni
c
as
so
di
um
ar
se
na
te
bu
t
no
t
by
50
ug
/l
(W
ei
r
an
d
Hi
ne
,
19
70
).
Gi
ld
er
hu
s
(1
96
6)
st
ud
ie
d
th
e
up
ta
ke
of
so
di
um
ar
se
ni
te
by
bl
ue
gi
ll
s
in
ou
td
oo
r
po
ol
s
co
nt
ai
ni
ng
in
ve
rt
eb
ra
te
s,
ve
ge
ta
ti
on
an
d
se
di
me
nt
s.
He
no
te
d
th
at
mu
ch
of
th
e
ar
se
ni
c
ap
pl
ie
d
en
de
d
up
in
th
e
se
di
me
nt
.
At
4,
00
0
ug
/l
ar
se
ni
c
(a
si
ng
le
tr
ea
tm
en
t)
ma
xi
mu
m
ti
ss
ue
re
si
du
es
in
fi
sh
we
re
1,
30
0
ug
/k
g
fo
r
mu
sc
le
,
2,
40
0
ug
/k
g
fo
r
sk
in
an
d
sc
al
es
,
17
,6
00
ug
/k
g
fo
r
gi
ll
s
an
d
di
ge
st
iv
e
tr
ac
t,
11
,6
00
Ug
/k
g
fo
r
li
ve
r,
5,
90
0
Ug
/k
g
fo
r
ki
dn
ey
s
an
d
8,
40
0
ug
/k
g
fo
r
ov
ar
y.
Av
er
ag
e
re
si
du
es
in
Gr
ea
t
La
ke
s
fi
sh
va
ry
fr
om
3—
43
ug
/k
g
on
a
wh
ol
e
we
ig
ht
ba
si
s
(L
uc
as
e£
_a
1,
,
19
70
),
<
50
-
70
0
ug
/k
g
on
a
dr
es
se
d
fi
sh
ba
si
s
(U
th
e
an
d
Bl
ig
h,
19
71
)
an
d
6—
80
ug
/k
g
on
a
li
ve
r
ba
si
s
(L
uc
as
et
_a
l,
,
19
70
).
Th
es
e
va
lu
es
ar
e
co
ns
id
er
ab
ly
be
lo
w
th
os
e
ob
se
rv
ed
on
an
ex
pe
ri
me
nt
al
ba
si
s.
Co
nc
en
tr
at
io
ns
of
ar
se
ni
c
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id
er
ed
sa
fe
fo
r
pu
bl
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dr
in
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ng
wa
te
r
su
pp
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ar
e
su
bs
ta
nt
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ll
y
lo
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r
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an
th
os
e
re
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ed
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pr
ot
ec
t
aq
ua
ti
c
li
fe
.
Co
ns
eq
ue
nt
ly
,
th
e
ob
je
ct
iv
e
fo
r
ar
se
ni
c
sh
ou
ld
be
50
Ug
/l
in
ke
ep
in
g
wi
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th
e
ap
pr
ov
ed
co
nc
en
tr
at
io
n
fo
r
th
e
pr
ot
ec
ti
on
of
hu
ma
n
he
al
th
.
Ho
we
ve
r,
to
pr
ot
ec
t
aq
ua
ti
c
li
fe
,
th
e
Pr
ov
in
ce
of
On
ta
ri
o,
sp
ec
if
ie
s
th
at
"a
n
en
vi
ro
nm
en
ta
l
le
ve
l
of
10
ug
/l
sh
ou
ld
no
t
be
ex
ce
ed
ed
un
de
r
an
y
ci
rc
um
st
an
ce
s"
(O
WR
C,
19
70
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Th
is
gu
id
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in
e
is
no
t
we
ll
su
pp
or
te
d
by
sc
ie
nt
if
ic
ev
id
en
ce
.
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 solids originating from bottom muds will also adsorb cadmium (Gardiner,
1974b).
The degree of adsorption depended on the type of solid, state of
subdivision, concentration of metal ion, time of contact and concentration
of other complexing ligands.
Humic materials again appeared to be the
major component of mud that is important.
Gardiner (1974b) however, after
these laboratory studies, was unable to satisfactorily explain the high
proportion of measured free cadmium after adding cadmium to the effluent
from a percolating filter. In a study of two streams in Tennessee,
Perhac (1972) measured the metal content of coarse particulate suspended
solids
(Svedberg coefficient*
(S) > 20000), in colloidal particulate
suspended solids (100 < S <20000) and in dissolved solids.
The mean
cadmium concentrations in these fractions were 18, 519 and 12 ug/gm
respectively.
While the greatest concentration of cadmium was in colloidal
solids, this represented the smallest proportion of heavy metal in water
because colloids occurred only in trace amounts. The highest proportion
of cadmium (298%) occurred in the dissolved solids. Presumably these
materials would include humic acids, carbonates, chlorides, etc.
Total
cadmium in these waters ranged from 2-3 Ug/l.
Therefore, assessment of
the impact of cadmium in water will probably be most concerned with free
cadmium and soluble complexes.
Cadmium concentrations in the Upper Great Lakes are almost always less
than 0.2 ug/l offshore (Table 2). In Lake Superior a small proportion of
concentrations are between 0.2 and 0.6 ug/l.
In Lake Erie, concentrations
of cadmium in offshore filtered water never exceeded 1 ug/l, the detection
limit at that time (Chawla and Chau, 1969; MWRC, 1972) but in a water
intake at Buffalo, concentrations ranged as high as 12 ug/l and the mean
was 7 ug/l (Table 3).
In Lake Michigan, concentrations never exceeded 1 ug/l
in 1970 although some tributaries were slightly higher (MWRC, 1972). In
a 1974 survey of American nearshore waters, cadmium was always less than
2 pg/l (detection limit) in Lake Superior and Lake Huron (MWRC, 1975).
Cadmium is extremely toxic to mammals. Acute toxicity to humans includes
severe nausea, salivation, vomiting, diarrhea, abdominal pains and myalgia.
Liver and/or kidney damage may follow acute poisoning and respiratory distress
may also occur (Flick g£_al;, 1971). Chronic toxicity includes damage to
liver, kidney, hematopoietic tissue and the respiratory tract (Flick e£_al;,
1971). Cadmium has been implicated in bone degeneration in Japan although
these findings are controversial (Dr. E. Sandi, personal communication).
Epidemiological and experimental evidence suggests that cadmium may
also cause hypertension. In experimental animals cadmium causes testicular
damage, kidney damage, increased incidence of tumours and reduced growth
(Flick §t_§lL, 1971). The biochemical bases for these effects may be
the interaction of cadmium with thiol groups of enzymes or with phosphati-
dylethanolamine and phosphatidylserine monolayers (Vallee and Ulmer,
1972). As a result, many enzymatic reactions are inhibited by cadmium,
and toxic effects occur in mitochondria, kidney tubules and nerve membranes
(Vallee and Ulmer, 1972). The daily uptake of cadmium by anadult human
from drinking water has been estimated as 15 ug, as compared to 200 pg
in food and 1 pg in air (Nilsson, 1970). Of the total cadmium taken in,
* Svedberg coefficient is a numerical value related to the settling velocity
of a spherical particle.
 
 only 1—2% is retained and the rest is excreted in faeces and urine. To
limit intake from water to 200 ug/day, a drinking water limit of 10 ug/l
cadmium has been recommended (NAS/NAE, 1974). In Canada, the maximum
permissible concentration of cadmium in drinking water is 10 ug/l while
the acceptable concentration is less than 10 ug/l (DNHW, 1969). A
recommendation of 50 ug/l is given to protect livestock (NAS/NAE, 1973).
Cadmium is not a nutrient for plants and is classified as highly
toxic by Bowen (1966), (toxic at concentrations less than 1,000 ug/l in the
nutrient solution). Since crop growths may be reduced at concentrations as
low as 10 ug/l, recommendations for irrigation water are 10 ug/l for
continuous use on all soils and 50 ug/l on neutral and alkaline fine textured
soils for a 20—year period (NAS/NAE, 1973).
Low concentrations of cadmium are harmful to algae. Growth of
Scenedesmus quadricauda in the laboratory was significantly inhibited at
concentrations as low as 6 ug/l (Klass §£_al., 1974). Selenastrum
capricornutum is somewhat less sensitive since 80 ug/l caused complete
growth inhibition while 50 ug/l caused a slight inhibition (Bartlett 23
al,, 1974). In a comparative study, Burnison g£_al. (1975) found that the
concentrations of cadmium in Lake Ontario water causing 70% inhibition of
primary productivity of Scenedesmus quadricauda, Chlorella pyrenoidosa,
Ankistrodesmus falcatus and Chlorella vulgari§_were 20, 100, 1,000 and 1,000
ug/l respectively. A macrophyte, Najas guadulepensis, was also affected by
cadmium. Severe effects were observedat 90 ug/l while 7 ug/l caused
reduced chlorophyll, turgor and stolen development (Cearley and Coleman,
1973).
  
The acute toxicity of cadmium to zooplankton varies considerably with
the species tested. In water from Lake Monate, the 48-hour LCso's for
Cyclops abyssorum prealpinus, Eudiaptomus padanus padanus and Daphnia
hyalina were 3,800, 550 and 55 ug/l respectively (Baudouin and Scoppa,
1974). The 48—hour LC50 for Daphnia magna in Lake Superior water was
65 ug/l (Biesinger and Christensen, 1972), a value close to that of Daphnia
hyalina. The 3—week LCSO for Daphnia magna was 5 ug/l while 0.17 ug/l
caused 16% impairment of reproduction (Biesinger and Christensen, 1972).
The 96—hour LC50 of the freshwater shrimp Paratya tasmaniensis at 10 mg/l
hardness was 60 ug/l (Thorp and Lake, 1974). A 96—hour exposure of these
shrimp to 30 ug/l cadmium caused a change in the ultrastructure of the gills
(Lake and Thorp, 1974).
 
Aquatic insects are less sensitive than zooplankton. At a hardness of
44 mgjl, the 96—hour LC50's of cadmium for Acroneuria lycorias (stonefly),
Ephemerella subvaria (mayfly) and Hydropsyche betteni (caddisfly) were
>32,000, 2,000 and >32,000 ug/l respectively (Warnick and Bell, 1969). At
50 mg/l hardness, the 96—hour Lcso's of a caddisfly, a damsel fly, and a
midge (Chironomus sp.) were 3,400, 8,100, and 1,200 ug/l respectively (Rehwoldt
g£_§lL, 1973). The species of caddisfly was unidentified and appeared 10
times more sensitive than that tested by Warnick and Bell (1969). The 96-
24
hour
Lcso's
of
a
caddisfly,
a
damsel
fly
and
a
mayfly
of
Tasmania
in
water
of
10
mg/l
hardness
was
2,000,
250,000
and
840
ug/l
respectively
(Thorp_
and
Lake,
1974).
Amphipods
are
much
more
sensitive
since
the
96-hour
LCso
of
Australochiltonia
subtennis
was
40
ug/l
(Thorp
and
Lake,
1974),
while
that
of
a
scud
(Gammarus
sp.)
was
70
ug/l
(Rehwoldt
E
g
g
”
1973).
 
The
96—hour
LC50's
for
a
gastropod
snail
were
3,800
ug/l
for
eggs
and
8,400
ug/l
for
adults
(Rehwoldt
gt_§l,,
1973).
In
contrast,
the
snail
Helisoma
sp.
had a
14-day LC50
of
50 ug/l,
and
20 ug/l
reduced rates
of
survival
and
hatching
of eggs
(Heidel
and
McLaughlin,
1973).
No
effect
was
observed
at
10
ug/l
cadmium.
Another
benthic
organism,
the
bristle
worm
(Nais
sp.)
had
a
96-hour
LC50
of
1,700
ug/l
(Rehwoldt
§£_§l.,
1973),
while
that
for
the
rotifer
Philodina
sp.
was
about
100
ug/l
(Sullivan
gt
a1.,
1973).
Tetrahymena
pyriformis,
a
protozoan,
showed
a
growth
depression
at
15,000
ug/l
cadmium
and
slower
swimming
at
1,000
ug/l
(Bergquist
and
Bovee,
1973).
 
The
acute
toxicity
of
cadmium
to
fish
varies
with
species
and
the
time of
exposure.
The
96-hour
LC50
for
fathead
minnows
(Pimephales
promelas)
at 200
mg/l
hardness was
4,500
ug/l while
the
8-day
LCso
was
450
ug/l
(Pickering
and
Cast,
1972).
Similarily,
the
96—hour
L050
for
rainbow trout
in hard water
(290 mg/l)
was
about
2,000
ug/l
while
the
7—day
LC50
was
8-10
ug/l
(Ball,
1967).
Kumada g£_§1.
(1972)
observed
a
similar
10-day
LC50
for
rainbow
trout
of
5—7
ug/l
cadmium.
The
96-hour
LC50's
for
bluegills
(Lepomis
macrochirus),
Florida
flagfish
(Jordanella
floridae,
dace
(Triborodon hakonensis)
and
striped
bass
(Morone
saxatilis)
were
l7,200-24,200,
2,500,
56—100,
and
2 ug/l
respecitvely
(Eaton,
1974;
Spehar,
unpubl.
man.;
Kumada gt_§1,,
1972;
and Hughes,
1973).
 
The
sublethal
effects of
cadmium on
fish include
lingering
mortality
and
inhibition of
reproduction.
In hard
water
(200
mg/l)
57
ug/l of
cadmium
decreased
the
survival
of
fathead
minnow larvae,
the most
sensitive
stage.
No effect was observed at 37 ug/l
(Pickering and Cast, 1972).
At a hardness
of 120 mg/l,
a mixture of cadmium,
zinc and copper reduced the spawning of
fathead minnows
when
the
concentrations were
7.1,
42.3
and
6.7 ug/l
respectively
(Eaton, 1973).
No effect was seen when the concentrations of
cadmium, zinc and copper were 3.9, 27.3 and 5.3 ug/l respectively.
It is
not known whether the apparent increase in toxicity of cadmium is due to a
change of water hardness or to the presence of the other metals.
Since the
toxic effects (larval mortality and reduced spawning) differed, it was
probably the effect of the other metals.
Eaton (1974) showed that, at a hardness of 200 mg/l, bluegill survived
and spawned successfully at 31 ug/l cadmium.
Lingering mortality of adults
occurred at 80 ug/l and bluegill appear as sensitive as fathead minnows
at this hardness.
In water of 180 mg/l hardness, Cearley and Coleman (1974)
found that bluegill survival was
notaffected at 80 ug/l cadmium but 100%
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 In experimental
systems,
bass
and
bluegills
had
total
body
accumulations
0f
8‘15
and
6—20
times
the
concentration in water,
depending
on
that
concentration
(Cearley and Coleman,
1974).
Uptake and concentration in
tissues levelled off within 2 months and the greatest accumulation occurred
in internal
organs.
Kumada gt_a1.
(1972)
found
that
cadmium concentrations
in rainbow
trout
exposed
to
cadmium
in water
reached
a plateau
in
10—20
weeks
and
maximum
concentrations
were
found
in
the
kidneys.
Concentrations
in whole
fish were about
10-80
ug/kg
in
control
fish
and
increased
only at
cadmium concentrations above 1 ug/l.
Concentrations in whole fish reached
a maximum of 960 ug/kg after 30 weeks
in 4.8 ug/l and declined to 440 ug/kg
after 10 weeks in clean water.
Similar increases in cadmium content were
seen in rainbow trout and dace fed food containing up to 100,000 ug/kg of
cadmium.
Concentrations in whole trout fed this concentration reached
1,600 ug/kg after 12 weeks and declined dramatically to 70 ug/kg after 6
weeks on a clean diet
(Kumada et a1., 1972).
The dramatic decrease was seen
at all concentrations and indicates that cadmium taken in with the food is
cleared faster than cadmium taken in from water.
This could be illusory if
the gills of fish exposed to cadmium in water
contain high concentrations
that are slowly released to the rest of the body after transferral to clean
water.
White catfish (Ictalurus catus) given an intragastric dose of radioactive
cadmium regurgitated 39-56% of the dose (Rowe and Massaro, 1974). Within one
hour, 75% of the cadmium in the body was contained within the GI tract and
23% was in the gills.
The fact that 2% was in the skin suggests that the
gill load may have been picked up from the water after regurgitation.
Over
a period of 21 days, cadmium gradually moved down the intestine and con-
centrations gradually increased in both the liver and kidneys.
By day 21,
34% of the cadmium was in the kidneys, 5% in the liver, about 56% still
remained in the intestine and the rest was spread among other organs at low
concentrations. Therefore, the total transfer from cadmium in the gut to
other organs appears rather low.
Despite accumulation of cadmium, there is little evidence for
bioconcentration up food chains. Mathis and Cummings (1973) found that
mean concentrations of cadmium in Illinois River bottom sediments, worms,
clams, omnivorous fish, carnivorous fish and water were about 2,000 Ug/kg,
1,100 ug/kg, 600 ug/kg, 3O ug/kg and 0.6 ug/l respecitvely. Similarily,
in eutrophic Wintergreen Lake, the concentrations of cadmium in bottom
sediments, zooplankton, aquatic macrophytes, fish and water were 1,100 ug/kg,
500 ug/kg, 200 ug/kg, 4O ug/kg, and 0.9 ug/l respectively (Mathis and
Keverﬁ, 1975). Surprisingly, faeces from large flocks of migrating Canada
geese contained up to 600 ug/kg cadmium.
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 CHROMIUM
RECOMMENDATION
It is recommended that the following new objective for chromium be
adopted:
Concentrations of total chromium in an unfiltered water sample should
not exceed 50 micrograms per litre to protect raw waters fbr public
water supplies.
RATIONALE
Chromium as Cr(VI) can enter aquatic ecosystems from the production
and use of explosives, paper, dyes, paints, plated materials and tanning.
As Cr(III), chromium is present in glass, ceramics, photography processes
and textile dying mordants (Cheremisinoff and Habib, 1972). Up to 1,700
mg/l of chromium as dichromate, are also added to cooling tower waters
to prevent corrosion and this amount is discharged directly to water
courses (Shepherd and Jones, 1971). Chromium occurs at very low concen-
trations in Great Lakes waters. Offshore, the average recorded concentrations
are less than 0.2 Ug/l, the detection limit, and 95% of samples contain
less than 0.6 ug/l (Table 2). At water intakes, average concentrations
are shown to be less than 10 Ug/l and maxima less than 20 ug/l (Table
3). However, concentrations of chromium in water intakes in the St.
Lawrence River appear much higher, (Table 3). Since Cr (III) is probably
complexed as an insoluble hydrated oxide above pH 5 (NAS/NAE, 1973),
most dissolved chromium in Great Lakes waters is probably in the Cr(VI)
valence state. However, Schroeder and Lee (1975) have clearly demonstrated
that Cr(III) added to natural lake waters is converted very slowly to
Cr(VI) and that the conversion is slower at low temperatures. Consequently,
significant concentrations of Cr(III) could exist in lake water for many
days. Cr(VI) can potentially be reduced by HZS at the interface of
aerobic and anaerobic waters (Schroder and Lee, 1975). However, in
aerobic lake waters Cr(VI) is not reduced and is removed principally by
physical processes. For example, Cr(VI) is sorbed effectively by Fe(0H)3.
The result is a significant positive, linear correlation of chromium
with iron in lake sediments (Schroder and Lee, 1975).
Chromium at low concentrations may be a nutrient for plants and
animals. Although not proven to be essentialy for plants, low concen-
trations in soil and water appear to stimulate growth of terrestrial
and aquatic species (NRCUS, 1974). In mammals, chromium interacts with
insulin to increase glucose tolerance, and some diabetic conditions are
alleviated by chromium treatment (Bowen, 1966; Underwood, 1971). A
United States National Research Council panel on chromium concluded
that: "Chromium deficiency can be produced in experimental animals but
it can be prevented and cured by appropriate chromium supplementation.
Its symptoms are reproducible and consist of a general decrease in the
tissue response to insulin. On this basis, chromium must be considered
an essentialy element" (NRCUS, 1974).
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At high concentrations, chromium in air causes respiratory damage
and
canc
er t
o ma
mmal
s an
d co
ntac
t wi
th t
he s
kin
can
caus
e ul
cers
, s
cars
and allergic effects (NRCUS, 1974). The effects on humans of chromium
in drinking water are unknown but a standard of 50 ug/l total chromium
has been set in the U.S. to limit total daily intake (NAS/NAE, 1973).
In Canada, the maximum permissible concentration is 50 ug/l as Cr(VI) and
the acceptable limit is less than 50 ug/l (DNHW, 1969).
The toxicity of chromium to aquatic biota is quite variable and
depends on the species tested. Hervey (1949) used a subjective measurement
of unicellular algal growth inhibition to demonstrate that some diatoms
were
sens
itiv
e to
320
ug/l
but
not
to 3
2 ug
/l o
f ch
romi
um.
Wium
Ande
rson
(1974), using HC fixation to estimate growth, estimated that 650 ug/l
of Cr(VI) caused 50% inhibition of photosynthesis by the diatom, Nitzschia
palea. Patrick et_al, (1968) indicated that 208 ug/l of Cr(III) also
caused 50% reduction of photosynthesis of E, palea. Based on cell
counts, 150 ug/l allowed very little growth after 4 days exposure at low
cell densities (Wium—Anderson 1974). Daphnia magna reproduction and
activity were inhibited by 330 and 320 ug/l chromium, respectively
(Biesinger and Christensen, 1972; Anderson, 1946). Another invertebrate,
Philodina roseola was shown to be 10 times less sensitive than Daphnia
magna since its life cycle was affectedbetween 3,400 and 4,600 ug/l
(Schaeffer and Pipes, 1973).
A series of unpublished studies by Benoit and Pickering, reported
in Water Quality Criteria, 1972 (NAS/NAE, 1973), demonstrated "safe"
concentrations, based on reproduction, of 300, 600 and 1,000 ug/l of
hexavalent chromium for rainbow trout (Salmo gairdneri , brook trout
(Salvelinus fontinalis), and fathead minnow (Pimephales promelas ,
resp
ecti
vely
.
The
"saf
e" c
once
ntra
tion
of t
riva
lent
chro
mium
for
fath
ead
minnows was 1,000 ug/l. Therefore, both valence states of chromium
appear equally toxic on a sublethal basis. However, Olson (1958) observed
that chinook salmon fingerlings (Oncorhynchus tshawytscha), after 12
weeks exposure, had higher mortality rates (>50%) and lower growth rates
in 200 ug/l Cr(VI) than in 200 ug/l Cr(III) or in control tanks. The
fish in Cr(III) had mortality and growth rates identical to those of the
control fish. Therefore, on an acute basis, Cr(III) appears less toxic
than Cr(VI).
  
Chromium concentrations in fish tiSSue are low. Lucas and Edgington
(1970) measured chromium by neutron activation and found that average
whole body concentrations in alewife, spottail Shiner and trout perch
ranged from 0.9-1.6 ug/g. Chromium was also measured by neutron activation
in dressed samples of Whitefish, northern pike, smelt and perch. The
concentrations ranged from <0.0l7 ug/g to 0.034 ug/g wet weight (Uthe
and Bligh, 1971). These results are quite low compared to those in
whole fish, suggesting that chromium is not retained by muscle. In
addition, there was no variation in the chromium concentration in the
fish within species from Lake Erie and from Moose Lake, Manitoba. Moose
34
 Lake is a lake free of industrial activity.
Experimental exposures
indicate that Cr(VI) was taken up from water at concentrations as low as
1 ug/l
(Fromm and Stokes,
1962).
At 2,500 ug/l,
uptake was via the
gills and the metal occurred in the spleen, posterior gut,
pyloric
caeca,
stomach and kidney
(Knoll and Fromm, 1960).
Little occurred in
muscle and uptake across
the stomach was minimal.
It does not appear
that chromium contamination of fish represents a problem since oral
toxicity to mammals is low (NRCUS, 1974).
Also, the residues reported
in the uptake experiments were not associated with any damage to the
fish.
Therefore, no objective for chromium concentrations in fish
tissues is recommended at this time.
The data presented on toxicity suggest an objective for chromium in
water somewhat greater than the guideline for drinking water, to protect
aquatic life. Since the U.S. and Canadian guidelines for drinking water
are 50 ug/l, the objective for total chromium is 50 ug/l.
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 COPPER
RECOMMENDATTON
It
is recommended
that
the
following
new
objective
for
copper
be
adopted:
Concentrations
of
total
copper
in an
unfiltered
water
sample
should
not exceed
5 micrograms
per
litre
to protect
aquatic
life.
RATIONALE
Copper in water
originates from mining activities, application of
copper—containing pesticides and algicides,
burning of fossil fuels,
industrial use in electronics, metallurgy,
chemicals production, etc.
and corrosion of copper pipes.
Total copper in water is usually in the
form of insoluble particulates, soluble complexes and soluble divalent
ions.
The proportion in each form depends on the amount of particulate
and soluble complexing agents.
These agents may be materials such as
humates or carbonates
(Stiff, 1971).
Copper available to aquatic organ-
isms for acute toxic action appears to be soluble Cu2+ and, less impor—
tantly,
CuC03 (Andrew, 1975 and Shaw and Brown, 1974). On an experimental
basis "toxic" or "labile" copper has been estimated by (a) calculation
on the basis of cupric ion concentration, pH and alkalinity (Pagenkopf,
1974 and Shaw and Brown, 1974); (b) cupric ion electrode (Zitko g£_al.,
1973 and Andrew, 1975) and (c) anodic stripping voltammetry (Cachter g5
31,, 1973). These measures of toxic copper have yet to be adapted to
field studies of copper toxicity and therefore most laboratory estimates-
of sublethal toxicity to aquatic biota are based on measurements of
total copper.
There is also a possibility that complexed, precipitated
copper-may ultimately have a toxic effect on benthos.
The concentrations of copper in the Great Lakes are dependent on
local inputs. In parts of Georgian Bay and Lake Superior, for example,
copper concentrations are shown to rise in the spring (Star File data
summaries, Canada Centre for Inland Waters, Burlington and M.W.R.C., 1975).
Possibly, the copper accumulated during the winter from aerosol fallout
is transported to the water during the runoff period of the first snow
melt. The modal copper concentrations in the upper lakes offshore are
less than 2.5 ug/l, and 95% of the measurements are less than 5.0 ug/l.
Chau gt alt (1971) in their review of the variation of filtered copper
in Lake Ontario showed that concentrations were highest in the western
and eastern portions of the lake and that the high copper concentrations
were associated with high iron concentrations, possibly because of human
activity. The average copper concentrations in water intakes are shown
to be as high as 24 ug/l, with maxima of less than 60 ug/l and minima of
2 ug/l (Table 3). Water intakes are more likely to be influenced by
effluents from local industrial or municipal sources than are offshore
areas.
 
 There is evidence that copper loadings from man's activities contribute
significantly to these observed concentrations. For example, in soils
from bluffs eroded into Lake Erie, copper concentrations are about 27
ug/g. In deep cores representative of pre—colonial times, Lake Erie
sediments contain about 29 ug/g. However, in recent sediments, the con—
centration is doubled to about 57 ug/g (Kemp gt_al., 1976). This suggests
that man's activities account for 50% of the total animal input of copper to
Lake Erie.
Copper is a constituent of many metalloenzymes and respiratory
pigments and is an essential element for bacteria, fungi, blue green
algae, green algae, angiosperms, invertebrates and vertebrates (Bowen,
1966). In public water Supplies, copper presents an aesthetic rather
than a toxicity problem. Since oral toxicity to adults is low, the U.S.
drinking water standard is set at 1,000 Ug/l to control taste (U.S.P.H.S.,
1962). In Canada, the acceptable concentration is 1,000 ug/l while the
objective is less than 10 ug/l (DNHW, 1969).
Concentrations of copper resulting in aCute toxicity to organisms
varies considerably with the hardness or alkalinity of water because the
concentrations used during short term LC50 tests are close to the limits
of solubility of copper. On the other hand, concentrations of copper
that are safe for aquatic organisms may vary somewhat with the species
being tested and the response being measured, but vary only slightly
with water chemistry because copper concentrations are below the
limits of solubility of copper.
Freshwater algae are quite sensitive to copper. Concentrations
inhibiting respiration, photosynthesis, and growth are generally between
200 and 800 ug/l (Wong, 1975). However, photosynthesis of Chlorella
pyrenoidosa was reduced60% by only 20 ug/l copper (Nielsen gt_al.,
1969).} Nielsen §t_al. (1969) also showed that toxicity varied with
expOSure time, light intensity, initial cell concentration and composition
of the medium. Obviously data for copper toxicity to algae of the Great
Lakes should be derived from bioassays modelling Great Lakes conditions.
In addition, synergistic effects on algae of copper and nickel have been
noted, as well as heavy metal tolerance (Stokes and Hutchinson, 1975).
These factors should be considered in future studies.
Growth of snails (Campeloma decisum, Physa integra) was reduced
significantly between 8.0 and 14.8 ug/l of copper (Arthur and Leonard,
1970) while growth of crayfish, Orconectes rusticus was reduced at 15 ug/l
(Hubschman, 1967). Mortality of young Gammarus pseudolimnaeus prevented
completion of life cycles between 4.6 and 8.0 ug/l (Arthur and Leonard, 1970).
Reproduction of Daphnia magna was reduced by 16% at 22 ug/l copper and
by 50% at 35 ug/l copper after 3 weeks exposure in Lake Superior water
of 45 mg/l hardness. The 3—week LCSO was 44 ug/l copper (Biesinger and
Christensen, 1972). Activity and feeding of Daphnia magna were reduced
at 27 ug/l copper in Lake Erie water of about 120 mg/l hardness (Anderson,
1948).
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 Atlantic
salmon
(Salmo
salar)
avoided
2.4
ug/l
of
copper
in
the
laboratory.
In a
tributary of
the Miramichi
River,
New Brunswick,
a
spawning
run of adult
salmon was
reversed
when
copper
and
zinc
concen-
trations
were
19
and
240
ug/l,
respectively
(Sprague gt
31.,
1965).
It
is
impossible
to
tell
if
zinc
increased
or
decreased
the
avoidance
of
copper
by
the
salmon.
The net
result was
that
reproduction
was
prevented
by a failure to reach spawning beds.
Cough frequency of brook trout increased between 6 and 15 ug/l of
copper (Drummond gt al., 1973).
This provided an early indication of
detrimental effects due to longeterm exposures since alevins of brook
trout died
between
9.5
and
17.4
ug/l
(McKim
and
Benoit,
1971).
Further
exposures of second generation brook trout confirmed that 9.5 ug/l was
safe
for
alevins
(McKim and
Benoit,
1974).
Larvae
of
bluegill
also
appeared quite sensitive to copper since mortality occurred between 21
and 40 ug/l of copper (Benoit, 1975).
This was about twice the concentration
required to kill brook trout larvae.
Fathead minnow (Pimephales promelas) reproduction in the presence
of copper has been studied using several different dilution waters.
In
soft water of 30 mg/l hardness, a concentration between 10.6 and 18.4
ng/l of copper was effective in blocking spawning (Mount and Stephen,
1969).
At 200 mg/l hardness, spawning was prevented between 14.5 and 33
ug/l copper (Mount, 1968).
During long— and short—term exposures of
fathead minnows to copper at 200 mg/l hardness, egg production was
severely reduced between 24 and 37 ug/l, regardless of the length of
exposure (Pickering et_§l, submitted for publication).
These results
suggest that the safe concentration of copper for fathead minnows does
not vary to a great degree with water hardness under constant conditions.
In addition, the study by Pickering 33 al, (submitted for publication)
indicates that only short—term elevations of copper concentrations above
safe levels during the spawning period are required to block fathead
minnow reproduction.
The above were all laboratory studies under ideal conditions.
In a
field study, using water of variable quality enriched by a sewage treatment
plant, Brungs gt_al, (1976) found that egg production and spawning
success of fathead minnows were reduced between 66 and 118 ug/l copper.
Hardness, pH, dissolved oxygen, total dissolved solids and many other
parameters varied continuously. Therefore, it is difficult to compare
these results with other studies since each parameter c0u1d affect both
the solubility of copper, the physiology of the organism, and the biological
availability of copper. It is impossible, from the field study, to identify
which chemical characteristic of water, or combination of characteristics,
influenced the response of fathead minnows to copper. The chemical character—
istics of water of the Great Lakes, however, are relatively constant due to
the lakes' large volumes. In addition, alkalinity, hardness, dissolved
solids, etc. in the lakes are much less than in the field study. For
example, the maximum hardness in Lake Ontario is 135 mg/l while
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 Lakes and since
the young of Gammarus pseudolimnaeus are very sensitive
to copper, an objective for copper of 5 pg/l is recommended.
This
Objective
is very
close
to
copper
concentrations measured
offshore
in
the Great Lakes
(Table 2).
Since only total copper concentrations were
measured during monitoring and sublethal toxicity studies in the laboratory,
the relationship between toxicity and the amount of copper available for
toxic action is unknown.
In other words, measured total copper concentrations
in the lakes exceeding the objective may be harmless i£_the copper is
complexed and unavailable to aquatic organisms.
Until adequate methods
for assessing this situation are available, the objective will refer to
total copper.
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 IRON
RECOMMENDATION
It is recommended that the following revised objective for iron be
adopted:
Concentrations of total iron in an unfiltered water sample should
not exceed 300 micrograms per litre to protect aquatic life.
RATIONALE
Iron is present in high concentrations in most rocks and soils,
as well as in ore deposits. Input to the Great Lakes originates with
weathering of rocks and soils; mining and processing of iron ores;
steel making and metal fabricating; burning of fossil fuels; corrosion
of iron or steel products in use; and corrosion of iron or steel products
in junkyards, dumps and stream beds.
Total iron concentrations in water may easily exceed 1,000 ug/l.
However, much of this iron may be in the form of suspended insoluble
hydroxides or as a complex of an organic molecule such as a humic acid.
The amount of iron in an insoluble nonionic form will approach 100
percent in waters of high dissolved oxygen because the ferric (Fe(III))
form predominates and it is relatively insoluble. In waters of low
dissolved oxygen, iron may be reduced to the ferrous form (Fe(II)) and
some iron will be in solution as an ion. This is accentuated by the
fact that ferrous iron may be released from lake sediments if the water
above the sediments becomes totally anaerobic; the release of iron being
the result of a shift in the redox potential below a critical level at
the sediment surface (OME, 1974).
Total concentrations of iron in the Great Lakes average less than
120 ug/l, (CCIW, unpublished data). Concentrations of'iron passing a
0.45 p filter are less than 7 ug/l in 95% of all samples (Table 2).
Inshore, iron in filtered samples average less than 50 ug/l in water
intakes and concentrations never exceeded 200 ug/l (Table 3). In
waters adjacent to known sources of iron in the Great Lakes, concentrations
may be much higher. For example, in Hamilton Bay in 1972, total iron
concentrations were always greater than 200 ug/l, and most samples were
between 300 and 700 ug/l. Some samples were recorded as high as 3,700
ug/l (OMB, 1974) .
Iron is an essential element for all organisms. It is a catalyst
that activates a number of oxidases, and it is a constituent of many
oxidizing metalloenzymes, respiratory pigments and proteins of unknown
function (Bowen, 1966). Because iron can exist in oxidation states
ranging from Fe (II) to Fe (VI), it is uSeful in a wide variety of
biological processes. However, its low solubility in the ferric (Fe(III))
45
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Invertebrates are fairly sensitive to iron. The 96—hour Lcso's of
iron for a stonefly Qégrpneuria 1ycorius), a mayfly (Ephemerella subvaria),
and a caddisfly (Hydropsyche bettoni) were > 16,000, = 320 and > 16,000
ug/l, respectively (Warnick and Bell, 1969). Mayflies were more sensitive
than other species to iron and this was also true for eight other metals
(Warnick and Bell, 1969). Reproduction of Daphnia magna was reduced to
50 percent and 16 percent of control values by 5,200 and 4,380 ug/l,
respectively and the 3—week L050 was 5,900 ug/l (Biesinger and Christensen,
1972). The safe concentration for reproduction and growth of Gammarus
minus was less than 3,000 ug/l (Sykora §£_al., 1975).
 
Fish are also affected by iron. Smith, e£_al. (1973) observed
reduced survival of fry, and a 50 percent reduction in egg hatchability
of fathead minnows (Pimephales promelas) at 1,500 ug/l. However, brook
trout (Salvelinus fontinalis) egg hatchability was affected only at
concentrations above 12,000 ug/l (Sykora 95 31,, 1975). The safe concentration
for brook trout, based on mortality of juveniles, was betWeen 7,500 and
12,520 ug/l.
While there is considerable variation in acceptable concentrations,
there is general agreement that the hydroxide precipitate interferes
with respiration through the chorion in fish eggs and impairs gill
function of gill—breathing organisms by occlusion of the lamellae.
Warnick and Bell (1969) and Smith g£_§1. (1973) have identified these
effects at or near 1,000 ug/l. Sykora et 31. (1972) found that the fine
floc formed at low iron concentrations (1,500 ug/l) caused more damage
to fathead minnow eggs than the large floc formed at high iron concentrations.
Therefore, in order to protect all forms of aquatic organisms, formation
of ferric hydroxide floc should be limited. A ferric hydroxide floc
should not form at total iron concentrations less than 300 ugfl (NAS/NAE,
1973). ‘
The water quality objective for iron, as specified in Annex 1,
paragraph 1(f) of the Canada—U.S. Agreement on the Great Lakes is,
"levels should not exceed 0.3 milligrams per litre". Since this was
based on'filtration of raw water to protect public water supplies, it
did not provide an objective for the iron hydroxide floc. Therefore, to
protect raw water for public water supplies, and to prevent harm to
aquatic biota, it is recommended that the objective for total iron in
unfiltered water be 300 “8/1.
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 LEAD
RECOMMENDATION
It is recommended that the following new objective for lead be
adopted:
Concentrations of total lead in an unfiltered water sample should not
exceed l0 micrograms per litre in Lake Superior, 20 micrograms per litre
in Lake Huron and 25 micrograms per litre in all remaining Great
Lakes to protect aquatic life.
RATIONALE
Lead is released to aquatic ecosystems from the production and use
of lead in gasolines, paints, glazes, pipes, roofing materials and
ammunition (especially shotgun pellets). Lead is also released during
metal mining and refining processes, recycling of used lead products,
burning of fuels and recycling or disposal of used motor oils (NRCC,
1973).
 
Lead generally occurs in very low concentrations in water due to
its low solubility. Since carbonate, hydroxide, phosphate, chloride,
etc. form insoluble salts with lead, any dissolved lead can be converted
to an insoluble form and precipitated to the sediments. In Lake Ontario
water, for example, it has been found that at concentrations above 100
mg/l lead, more than 98% is precipitated after 24 hours. Above 10 mg/l,
70% is precipitated and above 1 mg/l, 10% is precipitated. The precipitate
does
not
appe
ar t
o re
diss
olve
upon
agit
atio
n (
Hods
on,
unpu
blis
hed
data
).
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n a
n u
ndi
sso
lve
d f
orm
var
ies
wit
h w
ate
r h
ard
nes
s (
Dav
ies
and
Eve
rha
rt,
197
3).
At
a h
ard
nes
s
of
24.
0 m
g/l
, a
lka
lin
ity
of
22.
8 m
g/l
and
pH
of
6.9
1,
abo
ut
100
% o
f l
ead
below 100 ug/l is in a dissolved form. In water with a hardness of 353
mg/
l,
alk
ali
nit
y o
f 2
43
mg/
l a
nd
pH
of
abo
ut
7.9,
dis
sol
ved
lea
d w
as
onl
y 2
% o
f a
tot
al
of
3,2
40
ug/l
.
As
the
tot
al
con
cen
tra
tio
n d
ecr
eas
ed,
diss
olve
d le
ad i
ncre
ased
to 2
7% o
f a
tota
l of
40 u
g/l
lead
(Dav
ies
and
Eve
rha
rt,
197
3).
Lea
d s
olu
bil
ity
is
str
ong
ly
inf
lue
nce
d b
y p
H,
and
abo
ve
pH
8.0
the
sol
ubi
lit
y i
s l
ess
tha
n 1
0 u
g/l
, r
ega
rdl
ess
of_
alk
ali
nit
y
(Hem and Durum, 1973).
Mod
al
lea
d
con
cen
tra
tio
ns
in
the
Upp
er
Gre
at
Lak
es
wat
ers
are
les
s
tha
n 1
.0
ug/
l
off
sho
re,
and
95%
of
all
sam
ple
s
con
tai
n l
ess
tha
n
3.0
ug/
l
(Ta
ble
2).
A t
wat
er
int
ake
s,
mea
n l
ead
con
cen
tra
tio
ns
are
as
hig
h a
s 3
4
ug/
l w
ith
max
ima
at
55
ug/
l o
r
les
s
(Ta
ble
3).
The
hig
her
ins
hor
e
con
cen
tra
tio
ns
pro
bab
ly
ref
lec
t
loc
al
inp
uts
to
the
lak
es.
   
Lead is not essential for plant and animal growth and is, in fact,
quite toxic. Bowen (1966) has rated lead as being very toxic to plants,
i.e. toxic effects may be seen below 1 mg/l in the nutrient solution.
Lead shot is also toxic to wildlife. Poisoning of diving and
dabb
ling
duck
s, a
s we
ll a
s sw
ans
and
gees
e is
a ma
jor
prob
lem
of w
etla
nds
management (NRCC, 1973). Birds may die by feeding off bottom material
heavily contaminated with lead shot from hunting. One lead pellet
ingested by a mallard can cause elevated blood lead levels for up to
three months (Dieter and Finley, 1975). The same exposure also caused
marked changes in enzyme activity of brain and liver tissue (Dieter and
Finley, 1975). The lethal dose of lead pellets is estimated as 5—6 for a
mallard and 15—25 for a Canada Goose (NRCC, 1973) and toxicity varies
with diet.
Lead toxicity to mammalian wildlife has not been reported but some
domestic animals and humans are quite susceptible to lead. Domestic
animals are exposed through ingestion of solid waste (e.g. lead-acid
batt
erie
s)
or c
onta
mina
ted
drin
king
wate
r.
Chro
nic
toxi
c ef
fect
s in
clud
e
digestive problems, renal damage, neural damage and eventually death.
Embr
yoto
xici
ty d
ue t
o tr
ansp
lace
ntal
lead
tran
sfer
has
been
obse
rved
but
teratogenicity has not been proven conclusively (NRCC, 1973). Many of
thes
e re
sult
s ar
e fr
om e
xper
imen
tal
pois
onin
gs.
The
reco
mmen
dati
on f
or
lead in water for livestock in the U.S. is 100 ug/l (NAS/NAE, 1973).
Man is exposed to lead through food, water and air. Sources of
lead include burningof fossil fuels, smoking, drinking water, non-food
items such as paint chips, illicit liquor, containers improperly glazed
with lead silicates and industrial operations (NRCC, 1973). Lead poisoning
or plumbism, has three aspects: (1) mild or severe dysfunction of the
alimentary tract; (2) neuromuscular atrophy; and (3) encephalopathy.
Therefore, it has been recommended that total lead intake be limited
to 0.6 mg/day by adults (NRCC, 1973; NAS/NAE, 1973) and 0.3 mg/day by
children (NRCC, 1973). The recommendation for lead in drinking water
in the U.S. is 50 ug/l (NAS/NAE, 1973) while in Canada, the maximum
permissible limit is 50 ug/l, less than 50 ug/l is acceptable, and the
objective is "not detectable" (DNHW, 1969).
Lead appears to be relatively non—toxic to algae. Concentrations
reducing growth as determined by cell numbers, C02 fixation, chlorophyll
production, etc. are generally between 1 and 100 mg/l and occasionally
as high as 1,000 mg/l (Wong gt al., in preparation). Toxicity varies
considerably between species and between growth media. The growth media
factor is of considerable importance since toxicity of lead in natural
waters is much greater than in artificial media. Growth of Ankistrodesmus
falcatus, a green alga of the Great Lakes, was reduced 50% by about 10,000
ug/l lead in Chu 10 medium. In Lake Ontario water, a similar effect was
seen between 10 and 100 ug/l (Wong g£_al., in preparation). Temperature
must also be considered, since toxicity increases with temperature
(Wong e£_al,, in preparation) and most laboratory studies are conducted
at 20 C.
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Daphnia magna reproduction was inhibited by 30 ug/l lead (Biesinger
and Christensen, 1972). Conditioned behaviour of goldfish (Carassius
auratus) was affected by 70 ug/l lead (Weir and Hine, 1970) but the
importance of this change is unknown. Growth of brook trout (Salvelinus
fontinalis) was reduced by periodic high concentrations of lead between
15,000 and 25,000 ug/l (Dorfman and Whitworth, 1969) while growth of
guppies (Lebistes reticulatus) was reduced by continuous exposure to
1,250 ug/l (Crandall and Goodnight, 1962; 1963).
Prolonged lead exposure of rainbow trOut (Salmo gairdneri), starting
as fingerlings, caused black tails and lordosis (dorso—ventral
spinal curvature) plus scoliosis (bilateral spinal curvature) (Davies
and Everhart, 1973). These effects are probably due to neural damage
and they occurred between 13.3 and 20 ug/l total lead at 27 mg/l hardness
and 23 mg/l alkalinity. At 354 mg/l hardness and 243 mg/l alkalinity,
the effects occurred between 120 and 360 ug/l total lead. When the
results from hard water were expressed as "free" lead as measured by
pulse polarography, the effects occurred between 18 and 32 ug/l. Therefore,
a safe concentration based on total lead varies considerably with hardness
while that based on "free" lead varies only slightly. In soft water,
for trout exposed from the egg stage onwards and from parents exposed to
lead for one year, the safe—unsafe range was 6—12 ug/l.
Interpolating from Davies and Everhart's (1973) results, safe-unsafe
concentration ranges for total lead in the Great Lakes are as follows:
 
Hardness Alkalinity Safe—unsafe range Safe—unsafe range
based on hardness based on alkalinity
(mg/l) (mgjl) (pg/l of lead) (pg/1 of lead)
Lake Superior 44 41 15 — 24 16 — 25
Lake Huron 94 75 21 — 37 22 - 38
Lake Michigan 119 —- 25 — 46 —-
Lake Erie 123 91 25 - 46 26 - 48
Lake Ontario 135 90 27 — 52 26 - 48
Thes
e re
sult
s ha
ve b
een
conf
irme
d by
Goet
tl g
£_§l
.
(197
3) u
sing
the
sam
e d
ilu
tio
n w
ate
r.
The
y f
oun
d t
hat
lor
dos
is
plu
s s
col
ios
is
dev
elo
ped
in y
oung
rain
bow
trou
t at
lead
conc
entr
atio
ns b
etwe
en
8.0
and
14.0
ug/l
.
A t
hir
d s
tud
y o
f b
roo
k t
rou
t i
n w
ate
r o
f 4
4 m
g/l
har
dne
ss
gav
e s
imi
lar
res
ult
s b
etw
een
58
and
119
ug/
l t
ota
l l
ead
(Ho
lco
mbe
et
al.
, u
npu
b.m
an.
)
On
a d
iss
olv
ed
bas
is,
thi
s r
epr
ese
nte
d 3
9 a
nd
84
ug/l
.
It
wou
ld
app
ear
tha
t b
roo
k t
rou
t a
re
not
as
sen
sit
ive
as
rai
nbo
w t
rou
t.
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Some lead accumulation occurs in aquatic biota. Phytoplankton
aCCumulate large quantities, perhaps due to adsorption by the relatively
large surface areas of algal cells, or to ion exchange (Shukla and
Leland, 1973). Leland and McNurney (1973) showed that concentrations of
lead were always highest in periphyton of streams and decreased with
increasing trophic level. Herbivorous fish had higher concentrations of
lead than did carnivorous fish. All concentrations of lead in fish were
less than 5.0 pg/g.
Lead concentrations in fillets of Great Lakes fish were found to be
uniformly less than 0.5 ug/g, the detection limit, regardless of species
or sample location (Uthe and Bligh, 1971). However, in a more recent
survey, Brown and Chow (1975) reported that fish from Baie du Dore, Lake
Huron, contained 0.19 ug/g lead in muscle while those from Toronto
harbour contained 1.78 Ug/g. Since only the values from Toronto Harbour
appear elevated, muscle lead concentrations may reflect local contamination.
Higher concentrations of lead occur in other organs of fish. In trout
from a stream, concentrations of lead were higher in bone than in liver
or gills (Pagenkopf and Neuman, 1974). In addition, there was a significant
difference in lead content of bone between fish from a hatchery and
fish from a river containing 2.65—2.93 ug/l lead, twice as much as in
hatchery water. Lead may also OCCur in blood and accumulate in kidney tissue
(Hodson, unpublished data). The significance of these residues to fish
health has not yet been determined.
The criteria for lead for aquatic biota require a more stringent
objective than for drinking water. Therefore, to account for the variation
with water hardness of the response of rainbow trout to total lead in
water, the objective for total lead is recommended as 10 ug/l in Lake
Superior, 20 ug/l in Lake Huron and 25 ug/l in all other lakes.
Since lead may be methylated to tetramethyl lead by lake sediments
(Wong e£_al., 1975), these objectives should be re—evaluated when the
significance of methylation is defined.
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MERCURY
RECOMMENDATION
It is recommended that the following new objective for mercury
be adopted:
The concentration of total mercury in filtered water should not
emceed 0.2 micrograms per litre nor should the concentration
of total mercury in whole fish exceed 0.5 micrograms per gram
(wet weight basis) fbr the protection of aquatic life and fish—
consuming birds.
RATIONALE
The biologically significant form of mercury is methylmercury.
The bulk of the mercury found in fresh water fish occurs in the form of
methylmercury (Johnels et a1. 1967; Kamps at al. 1972).
Various forms of mercury may be methylated by at least two mechanisms
(Wood_et_al., 1968; Ladner, 1971). The extent and rates of methylation are
affected by many factors, among them are: concentration of mercury ions,
availability of mercury ions, growth rate or metabolic activity of the
methylating organisms, temperature, and pH (Bisogni and Lawrence, 1975).
Methylmercury may also be demethylated by bacteria in sediments (Spangler
gt 31,, 1973). Thus the amount of methylmercury found in the environment
at any one time is dependent on the combined reaction kinetics of the
methylating and the demethylating processes. As a consequence, the combination
of the available mercury concentrations and the operations of both trans—
formation processes are significant. Since fish concentrate methylmercury
preferentially over other forms of mercury, and since they excrete methyl—
mercury very slowly, they provide a good indicator of long—term trends of
the net methylation rate in an environment. Crayfish also accumulate
significant amounts of methylmercury (Armstrong and Hamilton, 1973).
Because of their shorter life cycles, theymay be Suitable to measure
intermediate term trends in the net methylation rate in an aquatic
environment.
The present administrative guideline for fish for human consumption
promulgated by the U.S. Food and Drug Administration as well as the Canadian
Food and Drug Directorate is 0.5 ug/g mercury in edible portions of fish.
Natural background concentrations of mercury in fish are generally below
this level, but may locally exceed it in some species. There is no evidence
that concentrations of 0.5 ug/g in fish have any effect on them. Concentrations
of mercury in fish that have been killed by chronic exposure to methyl—
mercury ranged from 9.5 to 23.5 ug/g (McKim gt 31., 1975).
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MER
CUR
Y
TOX
ICI
TY
STU
DIE
S
Eff
ect
Low
est
Con
c.
Hig
hes
t
No.
Rem
ark
s
Ref
ere
nce
Produ
cing
Effec
t
Eff
ect
Con
c.
Org
ani
sm
Com
pou
nd
5
6
 
Gammar
us sp.
Nais
sp.
Cad
dis
fly
Da
ms
el
fl
y
Chi
ron
omu
s
sp.
Amnico
la sp.
Bro
ok
tro
ut
em
br
yo
s
ale
vin
s
Rai
nbo
w t
rou
t
Brook
trout
Ze
br
af
is
h
Rai
nbo
w t
rou
t
Brook trout
Hg
++
Hg
++
Hg
++
H
Hg
Hg
++
++
H8
+
CH
3H
g+
CH3Hg
+
CH
aH
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CH3
Hg+
Phenyl
me
rc
ur
ic
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et
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++
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3H
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hr
LC
50
96
hr
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hr
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hr
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hr
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hr
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hr
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50
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hr
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so
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U
g
/
l
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Ug
/l
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ug/1
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00
Ug
/l
56
00
ug
/l
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ug/l
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00
ug
/1
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Ug/l
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U
g
/
l
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U
g
/
l
1100 ug/l
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Ug
/l
GOT(
decr
ease
d)l.
03 U
g/l
GOT(
enha
nced
) 0
.93
ug/l
Decre
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He
ma
to
cr
it
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Ug
/l
Plasm
a el
ectol
ytes
in vi
tro 0
2 met
abol.
Cou
gh
res
pon
se
No.
eggs
spa
wne
d
Z
ha
tc
hi
ng
de
cr
ea
se
d
acti
vity
de
fo
rm
it
ie
s,
de
at
hs
li
n
3 u
g/l
1 ug/l
0.2
ug/l
50
U
g
/
l
0.93 Ug/l
1
0
1
0
0.2
0.29
U
g
/
l
u
g
/
l
Ug
/l
U
g
/
l
ug
/l
u
g
/
l
Rehw
oldt
g£_a
l.
adu
lts
exp
ose
d 7
mo.
Chr
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ens
en
before sp
awning;
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spr
ing
mai
nta
ine
d
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sam
e c
onc
.
O'Connor &
Fromm
12 w
eeks
expo
sure
H
5 da
y ex
posu
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Drum
mond
e£_a
l.
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day
exp
OSu
res
Kih
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rom
g£_
al.
4-6
day
exp
osu
re
Ale
xan
der
3 generat
ion expos
ure McKi
m gt El.
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Organism Compound
Table 4 cont'd.
Effect
Lowest Conc.
Producing
Effect
Highest No.
Effect
Co
nc
.
Remarks
Reference
Cat
Japanese
qua
il
Mallard
American
kestrel
Ring dove
Mallard
Mallard
duckling
CH3
Hg+
HgClz
N—(e
thyl
mercury) —p-
toluene-sulfonanilide
CH3
Hg+
CH3
Hg+
CH3
Hg+
CH3Hg+
C;N
.S.
dea
ths
Egg shell
thin
ning
Egg
shell
thin
ning
Egg shell
thinning
Egg shell
thinning
decreased
egg laying
Decreased
hatchling
survival
enhanced
avoidance
resp
onse
0.25 mg/kg/
day
1 ug/g (diet)
10
ug/g
3 Ug/g (diet)
0.5 ug/g (diet)
2 ug/g
(diet)
200
ug/g
10 ug/g (diet)
10
ug/g
0.5 ug/g(diet)
55—96 fee
ding of
synthetic or
"natur
al" CH
3Hg
85 day exposure
(contains 3.1% Hg)
3 months exposure
intramuscular
+
21 week expOSure
hens fed prior
to
Charb
onnea
u
s£.el-
Stoewsand
22.3;-
Haegele g£_§l.
Peakall &
Lin
cer
Heinz
and during reproductive
phase
Heinz
 
  
It
is
nea
rly
imp
oss
ibl
e
to
cor
rel
ate
env
iro
nme
nta
l
con
cen
tra
tio
ns
of
tot
al
mer
cur
y
in
unf
ilt
ere
d
wat
er
wit
h
con
cen
tra
tio
ns
of
met
hyl
mer
cur
y
whi
ch
acc
umu
lat
e i
n f
ish
.
The
re
app
ear
to
be
sev
era
l r
eas
ons
for
thi
s:
in
aqu
ati
c e
cos
yst
ems
the
vas
t m
ajo
rit
y o
f t
he
tot
al
mer
cur
y i
s l
oca
ted
in
the
sed
ime
nts
,
whe
re
the
hig
hes
t
con
cen
tra
tio
n
is
ass
oci
ate
d w
ith
the
sma
lle
st
par
tic
les
(Ar
mst
ron
g a
nd
Ham
ilt
on,
197
3 a
nd
Wal
ter
and
Wol
ery
,
197
4).
The
mer
cur
y a
sso
cia
ted
wit
h
the
se
sma
ll
par
tic
les
in
the
wat
er
sam
ple
wou
ld
be
inc
lud
ed
in
unf
ilt
ere
d s
amp
les
so
tha
t t
he
tur
bid
ity
of
a
sam
ple
sig
nif
ica
ntl
y
aff
ect
s
the
mer
cur
y
det
erm
ina
tio
n.
The
bio
log
ica
l
ava
ila
bil
ity
of
mer
cur
y
ass
oci
ate
d w
ith
the
se
sam
ple
s
is
pro
bab
ly
sig
nif
ica
ntl
y
low
er
tha
n
tha
t
of
any
met
hyl
mer
cur
y
in
sol
uti
on.
In
add
iti
on
to
mer
cur
y
com
pou
nds
ads
orb
ed
ont
o o
r i
nco
rpo
rat
ed
int
o p
art
icl
es,
an
unf
ilt
ere
d
wat
er
sam
ple
wil
l c
ont
ain
mer
cur
y c
omp
oun
ds
che
lat
ed
by
dis
sol
ved
org
ani
c
sub
sta
nce
s s
uch
as
ful
vic
aci
ds
(An
dre
n a
nd
Har
ris
s,
197
5),
and
dis
sol
ved
mer
cur
y c
omp
oun
ds.
The
pro
por
tio
n o
f m
eth
ylm
erc
ury
in
thi
s c
omp
lex
mix
tur
e i
s p
rob
abl
y v
ari
abl
e,
and
is
not
rea
dil
y d
ete
rmi
ned
by
pre
sen
tly
ava
ila
ble
tec
hni
que
s.
Ind
ire
ct
evi
den
ce
ind
ica
tes
tha
t t
he
amo
unt
of
met
hyl
mer
cur
y i
n w
ate
r c
ons
tit
ute
s a
min
or
pro
por
tio
n o
f t
he
tot
al
mer
cur
y c
ont
ent
in
unf
ilt
ere
d s
amp
les
.
Exp
eri
men
tal
exp
osu
re
of
bro
ok
tro
ut
to
0.0
3 u
g/l
of
met
hyl
mer
cur
y h
as
res
ult
ed
in
an
acc
umu
lat
ion
of
0.9
6 u
g/g
aft
er
239
day
s o
f e
xpo
sur
e (
McK
im
e£_
al,
, 1
975
).
Equ
ili
bri
um
con
cen
tra
tio
ns
wer
e n
ot
rea
che
d d
uri
ng
thi
s e
xpo
sur
e a
nd
wer
e e
sti
mat
ed
to b
e si
gnif
ican
tly
high
er
(>3
ug/g
) by
Hart
ung
(197
5).
Howe
ver,
back
grou
nd
leve
ls o
f to
tal
merc
ury
in w
ater
have
been
repo
rted
to r
ange
from
0.05
to 0.1 ug/l (N.A.S. Water Qual. Criteria 1972), and these have been
asso
ciat
ed w
ith
conc
entr
atio
ns
of 0
.01
to 0
.2 u
g/g
merc
ury
in f
ish.
Thus there is a significant discrepancy between bioaccumulation data
deri
ved
from
expe
rime
ntal
expo
sure
s to
meth
ylme
rcur
y wh
en c
ompa
red
with
those derived from experimental data. As a consequence it must be
concluded that measurements of total mercury in unfiltered water have
only marginal usefulness in deriving environmental quality criteria, and
therefore the meaSurement of mercury accumulated in biological organisms
represents a significantly more persuasive criterion.
A series of toxicity studies is summarized in Table 4. It demonstrates
that most organic mercury compounds are more toxic thaninorganic mercury
salts. No effects were noted in a three generation exposure of brook
trout to 0.29 ug/l methylmercury. A slight reduction in the hatchability
of eggs of zebrafish was noted at 0.2 ug/l. However, while this level
should protect aquatic life, it will result in accumulations of methylmercury
in aquatic life in excess of 0.5 ug/g. For the purpose of setting an
objective to protect aquatic life, the total amount of mercury in filtered
water samples is arbitrarily considered to be methylmercury. Concen-
trations of 0.2 ug/l of total mercury in filtered water should therefore
protect aquatic life with a more than adequate safety margin.
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 Protection of organisms which consume aquatic life cannot be based
on water concentrations, but must be based on an evaluation of the amounts
of mercury accumulated in aquatic organisms.
On Lake St. Clair in 1970, great blue herons were found with mercury
levels up to 23 ug/g in their flesh, and terns up to 7.5 ug/g in their flesh.
Fish recovered from their stomachs contained up to 3.8 ug/g mercury (Dustman
gt al., 1972). No mortalities or population effects were noted in these
species. Keith and Gruchy (1971) also reported finding gulls with elevated
mercury residues in their eggs without finding effects on reproduction.
The levels found in these instances are close to or identical to levels
associated with mercury poisoning in some species of seed eating birds. It
is therefore evident that species differences exist, and at least some
fish—eating birds appear to be more resistant than some seed eating species.
Table 4 also lists the effects of feeding methylmercury to birds.
Eggshell thinning was reported to occur in one study in Japanese quail
at l ug/g of mercuric chloride in the diet. However, studies with organic
mercury including methylmercury have not confirmed this in other species,
even at higher dose levels. The most sensitive effects found, have been
effects of hatchling survival in mallards at 3 ug/g, but notat 0.5 ug/g.
The avoidance response of ducklings was enhanced slightly at 0.5 ug/g
methylmercury fed to ducks prior to and during the reproductive phase. Since
this effect was slight and may not be harmful, it is likely that the safe
level for methylmercury in the diet of birds is close to 0.5 ug/g.
Therefore, fish—eating birds should be protected if the concentration
of total mercury in whole fish does not exceed 0.5 ug/g. Since not all
species of fish accumulate mercury equally, this provides an additional
margin of safety. Also, since concentrations of 0.5 ug/g in fish produce
no d
elet
erio
us e
ffec
ts t
o fi
sh,
this
limi
tati
on a
ssur
es l
ong—
term
prot
ecti
on
of f
ish.
Ther
efor
e,
the
simu
ltan
eous
appl
icat
ion
of t
he p
rbpo
sed
obje
ctiv
es
for water and for bioaccumulated mercury in fish should protect aquatic
life as well as the consumers of aquatic life.
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NICKEL
RECOMMENDATION
It is recommended that the following new objective for nickel be
adopted:
Cbncentrations of total nickel in an unfiltered water sample should not
exceed 25 micrograms per litre to protect aquatic life.
RATIONALE
Nickel is both produced and used on a large scale in the Great
Lakes basin. Production is centered in the Sudbury area and use is
centred in the lower Great Lakes. Nickel is used primarily in metallurgy,
metal fabricating and production of nickel pigments. The total used in
the Great Lakes Basin was about 4.5 million pounds in 1968. Nickel
enters the waters of the Great Lakes directly or indirectly from atmospheric
inputs due to burning of fossil fuels, processing of nickel ores, waste
incineration and possibly fromgasoline to which nickel is added (Fenwick,
1972). Direct inputs to water may occur from manufacture of nickel
pigments, nickel containing alloys, or nickel—plated metal products.
Nickel salts are quite soluble but occur naturally only at very low
concentrations (Fenwick, 1972).
Modal nickel concentrations offshore in the upper Great Lakes are
less than 5.0 ug/l. Nickel is often not detectable in lake water and 95%
of samples are less than 6.0 ug/l (Table 2). In water intakes, nickel
concentrations are higher, with means as high as 11 ug/l and individual
samples as high as 28 ug/l. However, nickel is often not deteCtable in
water intakes (Table 3). There is some evidence for nickel contamination
of Georgian Bay, perhaps due to fallout in the Sudbury Watershed from nickel
smelting operations (CCIW, Star File).
Nickel has not been identified as a nutrient or essential element
for plants and animals (Bowen, 1966; Underwood, 1971). Therefore,
the principal biological activity of nickel is as a toxicant. Nickel
toxicity to wildlife has not been reported but toxicity to man and
experimental mammals has been demonstrated. The principal toxic actions
are dermatitis following exposure to nickel in plating solutions and
induction of lung cancer after chronic inhalation (Smith, 1972). Oral
toxicity of nickel is extremely low, since concentrations greater than
1,000 ug/g in food are required to reduce growth of rats and mice
(Underwood, 1971). There are no drinking water or livestock water
criteria for nickel (NAS/NAE, 1973; DNHW, 1969).
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 Nickel
is
classified
as
very
toxic
to
plants
by
Bowen
(1966)
(toxic
effects
observed
at
concentrations
below
1
mg/l
in
a
nutrient
solution).
However,
some fungi and plants are adapted to grow in high concentrations
(Bowen, 1966).
This tolerance has also been observed in algal populations.
Growth
of
"normal"
Scenedesmus
was
inhibited
100
per
cent
by
500
ug/l
nickel while
1,500 ug/l were
required
to
produce
the
same
effect
in
"tolerant" Scenedesmus (Stokes g£_al., 1973).
These algae had originated
from lakes in the Sudbury region contaminated by nickel.
Other species
of algae
appear
less
sensitive,
with
toxic
effects
being
observed
at
1,500-10,000 ug/l (Wong, 1975).
It would appear that algae are less
sensitive than terrestrial plants according to Bowen's (1966) definition.
While nickel does not appear to be overly tuxic to algae by itself,
recognition must be given to the synergistic effect of nickel on copper
toxicity to algae (Stokes and Hutchinson,
1975).
Acute nickel toxicity to invertebrates varies with the species.
The 96-hr. Lcso's for a stonefly (Acroneuria sp.), a mayfly (Ephemerella
subvaria) and a caddisfly (Hydropsyche bettoni) were 33,500, 4,000 and
>14,000 ug/l, respectively, (Warnick and Bell, 1969). The 48—hour L050
for Daphnia magna in Lake Superior water was 1,120 ug/l in the presence
of food and 510 ug/l in the absence of food (Biesinger and Christensen,
1972). The 64-hour EC50 for immobilization of Daphnia magna in Lake
Erie water was >700 ug/l (Anderson, 1948). Chronic three-week nickel
exposures to Daphnia magna caused 50% mortality at 130 ug/l and 50% and
16% reproductive impairment at 95 and 30 ug/l, respectively (Biesinger
and Christensen, 1972).
Acute nickel toxicity to fish is less than that of copper or zinc.
The 48—hour LC50 for rainbow trout is 32,000 ug/l while those for copper
and zinc were 750 and 4,000 Ug/l, respectively (Brown and Dalton, 1970).
The 96—hour LCso for fathead minnows is 2,500—2,800 ug/l at a hardness
of 210 mg/l (Pickering, 1974). In static bioassays, the 96—hour LCso
for fathead minnows was 5,000 ug/l at 20 mg/l hardness and 43,000 ug/l
at 360 mg/l hardness (Pickering and Henderson, 1966).
In chronic exposures, reproduction of fathead minnows was unaffected
by 380 ug/l nickel but 730 ug/l reduced egg production and hatchability
of eggs (Pickering, 1974).
The nickel content of fish is normally quite low. Uthe and Bligh
(1971) found nickel concentrations uniformly below 0.2 ug/g in fillets
of Great Lakes fish. They noted no variation with location or species
of fish. In a survey of an Illinois River ecosystem, nickel concentrations
decreased from the sediments (27 ug/g) to tubificid worms (ll ug/g) to
clams (1.5 ug/g) to omnivorous fishes (0.17 ug/g) to carnivorous
fishes (0.12 ug/g) to water (2 ug/l) (Mathis and Cummings, 1973).
Therefore, the concentrations decreased with increasing trophic level.
Kariya gt_al. (1965) showed that, at lethal concentrations of nickel in
water, nickel levels in fish increased from not detectable to as high as
70 ug/g-
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SELENIUM
RECOMMENDATION
It is recommended that the following new objective for selenium be
adopted:
Concentrations of total selenium in an unfiltered water sample should
not exceed l0 micrograms per litre to protect raw water for public water
supplies.
NOTE: The effect of high dietary selenium concentrations on fish-eating
birds and wildlife is unknown. Based on the response of laboratory mammals,
concentrations of selenium approaching 3 ug/g, wet weight, in whole fish
should be regarded with concern.
 
RATIONALE
Selenium is a common element appearing in the earth's crust at
approximately 7 X 10_5%. It is present largely as heavy metal selenides
(together with sulphide minerals) but also occurs as selenates and
selenites. In soils, excluding seleniferous soils not normally found in
the Great Lakes region, it has been variously reported to be present at
levels ranging from 0.1 ug/g to less than 2 ug/g (Cooper 33 a1., 1974).
Elevated levels of selenium are found in some sedimentary rock formations
and their derived soils in central areas of Canada and the United States.
There are no known mining activities for selenium and its production
comes mostly as a by—product of copper and lead refining.
Commercial use of selenium was about 500 metric tons per year in
1968, mostly in the elemental form as red crystals or.grey powder. It
is used in electronics for rectifiers, photocells, and xerography. It
is also used in steel and in pigments for paints, glass, and ceramics
(Cooper, 1967; Lymburner and Knoll, 1973).
Selenium is usually presentin water as selenate and selenite; the
elemental form is insoluble but may be carried in suspension. Weathering
of rocks and soil erosion is a major source of selenium in water. On a
world basis, approximately 10,000 metric tons yearly are weathered and
carried downstream to the sea. Of this, 140 tons is in solution but
only 16 tons remains dissolved in the sea. The rest of it goes into
sediments (Schroeder, 1974). The burning of fossil fuels is another
source of soluble selenium. Analysis of coal and bottom and fly ash
from a single burner has turned up levels of 2 ug/g, 3.4 ug/g and
41.3 ug/g, respectively (Lymburner and Knoll, 1973). Man's burning of
fossil fuel puts about 450 tons per year of selenium (SeOz) into the
atmosphere, about 4.5% of the amount eroded naturally (Schroeder, 1974).
66
 Disposal of waste containing selenium could be another source,
although levels in effluents seem to be low. Sewage in California (both
raw and treated) was found to have only 10 to 60 ug/l of selenium,
except for a high value of 280 ug/l in an industrial area (Feldman,
1974 .
Concentrations in water are usually low. The literature has been
reviewed in several places (e.g. NAS/NAE, 1973), but many of the older
estimates are probably too high because of the limitations of chemical
methods. Most uncontaminated surface waters have less than 50 ug/l of
selenium, and most drinking waters contain less than 10 ug/l (APHA et
.al., 1971). Surface waters in a province of Germany averaged 4 ug/l_—
(Heide and Schubert, 1960). The normal concentration in sea water is
only 0.4 Ug/l (Chau and Riley, 1965). Even seepagesfrom seleniferous
areas do not contain more than 500 ug/l and this content is lost when
the seepages empty into ponds or lakes, apparently by coprecipitation
with ferric hydroxide (APHA et_al,, 1971). Selenium concentrations in
the Great Lakes are below 1 ug/l offshore and mean concentrations are
0.2 ug/l or less (Table 2).
Lake sediments seem to act as reservoirs or sinks; in the northern
United States they contained from 1.0 to 3.5 ug/g dry weight of selenium,
considerably more than the usual concentration in soils (Wiersma and
Lee, 1971). Small experimental ecosystem experiments showed that of the
total amount of selenium in rain which fell on soil, 75% stayed
in soil and 25% ran off into an aquatic system. Thirty—six percent of
pthe amount of selenium that entered the aquatic system ended in the
sediments and most of the rest was in the biota (Huckabee and Blaylock,
1974).
Deficiency of selenium in the soil and in grass eaten by livestock,
leads to "white muscle disease". Dietary needs of livestock are in the
vicinity of 0.1 to 0.2 mg/day (NAS/NAE, 1973) whereas the daily
selenium requirement of humans has not been accurately determined. It
would appear to be in the range of 0.1 to 0.2 mg/day (Levander, 1975),
an amount normally found in an adequate diet (NAS/NAE, 1973).
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and irritation of nose and throat. In humans, overdoses resulting in
acute toxicity may be characterized by nervousness, vomiting, cough,
dyspnea, convulsions, abdominal pain, diarrhea, hypotension and respiratory
failure (Schroeder, 1974; NAS/NAE, 1973; Rodier, 1971). No recognized
cases of non-industrial chronic selenium poisoning in man have been
reported (Sakurai and Tsuchiya, 1975).
The carcinogenic potential of selenium has been widely investigated
(Schroeder, 1974). Recent critical evaluations made of these early studies
leads to the conclusion that there are insufficient high quality data to
allow evaluation of the carcinogenicity of selenium compounds (WHO, 1975;
Palmer and Olsen, 1974). No suggestion that selenium is carcinogenic in
man can be found in the available data (WHO, 1975).
Antagonism between toxicity of selenium and other metals has been
pointed out; Levander (1973) reviewed the action of arsenic in counter-
acting selenium toxicity. Several cases in which cadmium poisoning is
decreased by selenium are listed by Pakkala g£_al. (1972) and Anonymous
(1972). The action against mercury toxicity has been mentioned by
Koeman_g£_a1. (1973). There are other aspects such as the interrelation-
ship with vitamin E and possible teratogenic effects (Anonymous, 1972).
Toxicity due to selenium in drinking water is not common, probably
because concentrations in water are generally low, and cases of toxicity
to livestock are usually related to intake with food. However, a level of
9,000 pg/l in well water reSulted in human poisoning in 3 months (Beath,
1962).
Water Quality Criteria 1972 (NAS/NAE, 1973) suggests a limit of
10 ug/l of total selenium in drinking water assuming that two litres of
water are ingested per person per day. This recommendation is also
accepted by WHO, U.S.A., Canada and U.S.S.R. whereas some European
countries such as France use a 50 ug/l limit on selenium in potable water.
The U,S. National Academy of Sciences (NAS/NAE, 1973) recommends
that the upper limit for selenium in water given to livestock be
50 pg/l. This figure is also used by the Ontario Ministry of the
Environment (1974).
Bowen (1966) has described selenium as moderately toxic to plants
(toxic effects at concentrations between 1 and 100 mg/l in the nutrient
solution). This appears to apply to freshwater algae as well. The con-
centrations of selenite causing 95% growth inhibition of Anabaena variabilis
and Anacystis nidulans were 20 and 70 mg/l, respectively (Kumar and
Prakash, 1971). Selenate produced the same results with these species
at 30 and 50 mg/l, respectively. Kumar (1964) showed that growth of
Anacystis nidulans, a bluegreen alga was also completely inhibited by 20
mg/l of selenate. However, a culture of this alga at increasing
concentrations of selenate, over several generations, produced a tolerant
strain that could grow in 250 mg/l of selenate. Scenedesmus sp. however,
68
 was more sensitive since 2.5 mg/l was lethal (Bringman and Kuhn, 1959).
Little information is available on the toxicity of selenium to
invertebrates, but Daphnia sp. has been found to be as sensitive as
Scenedesmus sp. with a lethal threshold of 2.5 mg/l. (Bringman and Kuhn,
1959).
Niimi and LaHam (1975, 1976) have published the most comprehensive
studies to date on toxicity of selenium to fish. Acute studies (Niimi and
LaHam, 1976) indicated that lethality of selenium to zebrafish larvae
(Brachydanio rerio) varied withthe selenium salt used. The 96—hour
and 10—day LCso's (Table 5) indicate that selenate salts are less toxic
than selenite salts.
Table 5
Acute toxicity of selenium salts to zebrafish larvae (from Niimi and LaHam,
1976).
96—hr. LC50 10-day LCso
(mg/l) (mg/l)
selenium dioxide 20 5
sodium selenite { 23 4
potassium selenite 15 =2
sodium selenate 82 40
potassium selenate 81 50
These salts are the most common forms normally occurring in freshwaters.
The selenides, selenomethionine and selenocystine, were also shown to be
toxic. Selenocystine was about as toxic as the selenates and selenomethionine
was more toxic. Reliable LC50's for selenides could not be calculated,
however, due to a loss of compounds from the solution perhaps due to
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com
par
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h m
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con
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0.15 mg/l had no significant effect.
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1973
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n an
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ater
fish
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nd
(0.2
to 0
.58
ug/g, Sandholm g£_al,, 1973); seafoods (about 0.32 to 0.56 ug/g, Morris
and Levander, 1970); the edible portion of trout (about 0.28 to 0.68
ug/g; Arthur, 1972); and for samples of marine food fish obtained in
Ontario markets (0.16 to 0.4 ug/g, Dr. D. Arthur, Dept. Nutrition,
University of Guelph). In a very large series of fish from central
Canada, concentrations in muscle sample averaged about 0.26 ug/g, and
most
of t
he f
ish
fell
in t
he r
ange
ment
ione
d ab
ove
(Bea
l, 1
974)
. H
owev
er,
the total range was wider. In the Great Lakes, concentrations of selenium
in fish from the North Channel of Lake Huron, Georgian Bay, Lake Erie
and Lake Ontario ranged from 0.56-2.00, 0.42~l.15, 0.10-0.75 and 0.06-0.96
ug/g, respectively.
Fish mortality in a Colorado reservoir was reported by Barnhart
(1958) as being caused by selenium from bottom deposits which had passed
through the food chain to accumulated levels of 300 ug/g. This is the
single known case. In a less contaminated aquatic ecosystem, the
animals were showu to have higher residues than the plants, but there
was no pattern of continuing accumulation. Also, fish from pond culture
where the artificial food was low in selenium, contained less selenium
than those from a natural system (Sandholm gt_§l., 1973). In an experimental
system, Sandholm at 31. (1973) also found that Scenedesmus dimorphus
could actively concentrate selenomethionine but showedno active or
passive uptake of inorganic selenium. Daphnia pulex, however, could
absorb selenium from selenite. Fish (Puntius arulius) absorbed selenium
principally from food and showed little uptake from inorganic and organic
forms in water. C0peland (1970) reported that concentrations of selenium
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from
Lake
Michigan
zooplankton
were
highest
downwind
of
industrialized
areas,
although
this
was
not
reflected
in
the
sediments.
Concentrations
in
the
sediments
were
uniformly
less
than
0.5
ug/g,
whereas,
concen-
trations
in
zooplankton
increased
from
1
ug/g
inuncontaminated
areas
to
7
ug/g
in
contaminated
waters.
Elimination
of
selenium
by
fish
has
not
been
studied
but
there
appears
to
be
no
correlation
of
selenium
with
size,
sex
or
age
of
fish
(Pakkala
g£_a1.,
1974).
Therefore,
selenium
may
be
excreted
in
a
similar
fashion
as
determined
in
humans.
A
normal
human
intake
of
0.06
to
0.15
mg/day
is
balanced
by
an
output
of
0.03
mg
in
faeces,
0.05
mg
in
urine,
and
0.08
mg
in
sweat,
air
and
hair
(Schroeder
g£_al., 1970).
A serious cause for concern may exist in the discovery that livers
of some seals contain from 46 to 134 ug/g selenium (Koeman g£_al.,
1973).
These are much higher
than the values of 0.5 to 1.3 ug/g
found in the livers of land animals.
Also, the single sample of tissue
from a northern Canadian beluga whale showed a high level of 14.3
ug/g selenium.
The topic is not well understood yet, Koeman e£_al.
(1973) considered that the high selenium might be protective against
high mercury residues.
Nevertheless, the possibility exists that fish—eating birds and
mammals may be subject to a dangerous accumulation of selenium.
The
difference between optimal and toxic intake levels in the food is
comparatively narrow (25 to 40 times, Hoffman g£_al., 1973). The fish
mortality in Colorado indicates that accumulation can take place.
Since 3 ug selenium per gram of diet is toxic to rats over their
lifetime and since the toxicity of selenium to fish—eating birds or
wildlife is unknown, any accumulation of selenium in whole fish approaching
3 ug/g wet weight should be regarded with concern.
In summary, the recommendations for selenium in drinking water are
more stringent than those for aquatic biota. Therefore, the recommended
objectiVP for selenium is 10 ug/l to protect raw drinking water supplies.
Selenium is known to be methylated biologically and Chau g£_al.
(1976, in press) have recently demonstrated methylation of sodium
selenite, sodium selenate, selenocystine, selenourea and seleno—DL—
methionine by microbial action in lake sediments. All sediments that
demonstrated microbial action were capable of methylating selenite
and/or selenate. Three compounds, mono, and dimethyl selenide, and an
unknown were produced. Since the bacterial action may have produced an
unknown selenium compound of high toxicity to fish (Niimi and LaHam,
1976), the selenium objective should be reviewed when the environmental
significance of selenium methylation is more completely understood.
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VANADIUM
RECOMMENDATION
Inadequate
information
on
the
possible
degree
of
bioaccumulation
or
chronic
effects
to
aquatic
organisms
exists
to
formulate
a
recommendation
at
this
time.
HATJONALE
Vanadium
is
a
common
element,
occuring
in
the
earth's
crust
at
approximately
100—200
ug/g
(Schroeder,
1970;
Vinogradov,
1959)
and
is
present
largely
as
V(III)
and
V(V)
oxide
salts
(NAS,
1974)
with
some
sulphides.
Vanadium
also
occurs
in
fossil
fuels
(10—300
mg/l
in
oil,
15—35
ug/g
in
U.S.
coal)
and
it
is
from
these
sources
that
most
of
the
material
introduced
to
the
environment
by
man
arises.
In
crude
oil,
the
element
largely
remains
with
the
undistilled
residues
and
on
burning
it
ends
up
as either
air—born
particulates
or
as
a
component
of
slag.
A
similar
situation
would
exist
for
coal.
Both
modes
permit
the
entry
of
vanadium
to
the
aquatic
ecosystem
but,
at
least
for
the
Great
Lakes,
the
concentrations
do
not
build
up
to
any
appreciable
extent.
In
the
Great
Lakes,
the
concentrations
observed
in
filtered
water
were
generally
less
than
the
quantification
limit
of
0.5
ug/l
and
never
exceeded
1.2
ug/l
(C.C.I.W.
1970—71;
Chau
gt
31.,
1970).
Some
minor
accumulation
in
sediments
over
levels
observed
in
soils
has
been
observed
for
western
Lake
Erie
(Zubkoff and Carey, 1970).
There
is
a
considerable
body
of
data
on
vanadium
toxicity
derived
largely
from
inhalation
studies with
both humans
and
mammals.
Deleterious
effects
to
humans
occur
at
0.2
mg/m3
in
air
(Zenz
and
Berg,
1967)
but
were
reversible.
The form
of
the
toxicant
is
important with
pentavalent
vanadium being most toxic
(Roshchin, 1967).
Animal studies, reviewed
by Faulkner Hudson
(1964),
indicate a lethal dose of some 20 ug/g body
weight for mice and 1—2 ug/g for rabbits.
At lower levels, vanadium
appears to be readily excreted (Dimond gt al., 1963; Jaraczewska, 1963)
mainly via the urine.
There is no reported indication of mutagenicity
(NAS, 1974).
The recommended limit for vanadium in drinking water for
livestock is 100 ug/l, based on toxicity to chicks and accumulation by
mice (NAS/NAE, 1973).
Vanadium toxicity to plants was also reviewed by NAS/NAE (1973).
They recommended that, on soils irrigated every year, the maximum con-
centration of vanadium should be 100 ug/l or less. On soils irrigated
for 20 years or less the concentration should be 1,000 ug/l or less.
In summary, there appears to be little data pertaining to aquatic
organisms and this deficiency should be rectified. Sampling and analysis
for fish and sediments in the Great Lakes might help to answer the
question of accumulation and chronic toxicity testing should be undertaken
after establishing the presence, if any, of this substance in biological
tissue. At present, there is insufficient data to formulate objectives
to protect aquatic biota.
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ZINC
RECOMMENDATION
It
is
recommended
that
the
following
new
objective
for
zinc
be
adopted:
Concentrations
of
total
zinc
in
an
unfiltered
water
sample
should
not
exceed
30
mwrograms
per
litre
to
protect
aquatic
life.
RATIONALE
Zinc,
in
various
forms
is
used
in
metallurgy,
metal
fabricating,
metal
coatings,
batteries,
paint
and
varnish,
industrial
chemicals,
rubber,
soaps,
medicines
and
pulp
and
paper
production.
In
1968,
over
1,356
million
pounds
were
used
for
these
purposes
in
the
Great
Lakes
basin
(Fenwick,
1972).
Zinc
may
enter
the
Great
Lakes
as,a
result
of
these
uses
in
addition
to
inputs
from
mining
and
smelting
of
zinc
ore,
corrosion
of
metallic
zinc
and
fallout
from
atmospheric
contamination
resulting
from
the
burning
of
zinc—containing
fossil
fuels.
Zinc
is
quite
soluble
in
water
and
weathering
of
rocks
containing
zinc
contribute
soluble
forms
to water
(Fenwick,
1972).
Offshore
in
the
Great
Lakes,
modal
concentrations of
zinc
are
less
than 10
ug/l,
and
95%
of
samples
contain
less
than 40 ug/l
(Table
2).
However,
the mean
zinc
concentrations range from 1.8 to 28.2 ug/l. At water intakes,
the mean
zinc concentrations are generally less than 45 ug/l except in Lake Erie
at Buffalo, where the mean is 178 ug/l.
High concentrations have been
observed at the St. Mary's River, the outlet of Lake Superior, at Buffalo
(Lake Erie) and at Massena (outlet of Lake.0ntario) (Table 3).
At
Buffalo, consistently high values suggest local zinc outputs near the
water intake.
Because zinc use is so widespread, sample contamination
may be a problem.
Zinc is an essential element for both plants and animals. It is a
constituent of many metalloenzymes and of several proteins of unknown
function (Bowen, 1966). Zinc is necessary for reproduction, growth,
formation of DNA and RNA, formation of the eye, and prevention of a
fata1.skin disease of pigs. It also promotes wound healing and prevents
symptoms of poor blood supply in the legs that results from hardening of
the arteries (Schroeder, 1974).
Zinc toxicity to land plants is rare and is usually observed on
soils enriched with zinc as a result of mining operations (Bowen, 1966).
Zinc is relatively non-toxic to man. However, when zinc metal is heated,
zinc oxide fumes may be evolved that can cause "brass chills" or "brass
founders ague". Direct doses of soluble zinc salts can cause nausea and
vomiting (Fenwick, 1972). However, prolonged consumption of water
containing up to 40,000 ug/l zinc has been reported with no harmful effects on
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Sublethal
toxicity
to
zinc
may
be
enhanced
when
in
combination
with
copper
and
cadmium.
At
a
hardness
of
207
mg/l,
alkalinity
of
154
mg/l,
copper
of
6.7
ug/l,
and
cadmium
of
7.1
ug/l,
42.3
ug/l
of
zinc
was
associated
with
reduced
spawning
of
fathead
minnows.
When
copper,
cadmium
and
zinc
were
5.3,
3.9
and
27.3
ug/l,
respectively,
reproduction
was
unaffected
(Eaton,
1973).
Therefore,
a
safe
concentration
of
zinc
for
fathead
minnows
was
30
ug/l
in
soft
water
(Brungs,
1969)
and
27.3
pg/l
in
hard
water
in
the
presence
of
added
copper
and
cadmium
(Eaton,
1973).
However,
in
Eaton's
(1973)
study,
it
cannot
be
stated
that
the
effects
observed
were
solely
due
to
zinc.
Nevertheless,
concentrations
of
zinc
causing
sublethal
harm
to
aquatic
biota
do
not
appear
to
vary
significantly
with
hardness
or
alkalinity.
The
average
zinc
content
of
Great
Lakes
fish
ranged
from
11—20
ug/g
in
fish
fillets
(Uthe
and
Bligh,
1971)
and
from
11—48
ug/g
in
fish
livers
(Lucas
et_al,,
1970).
From
these
data
there
appeared
to
be
little
variation
in
zinc
content
in
fish
with
location
within
species.
In
contrast,
Brown
and
Chow
(1975)
showed
that
the
average
concentration
of
zinc
in
fish
muscle
across
7
species
of
fish
from
Baie
du
Dore,
Lake
Huron,
was
4.69
ug/g
while
the
average
across
11
species
from
Toronto
Harbour
was
36.02
ug/g.
This
suggests
that
levels
may
be
influenced
by
local
contamination.
Experimental
exposures
of
fish
to
6SZn
in
water
indicated
maximum
accumulation
in
the
gills
and
kidney.
Following
injection,
maximum accumulation
occurred
in body
tissues,
such
as kidney,
hepato—
pancreas,
heart,
intestine,
gill and
scales
(Saiki
and Mori,
1955).
Therefore,
the
route
of uptake will affect distribution.
Saiki
and
Mori
(1955)
did
not follow
concentrationor
location beyond
48 hours
of
expo—
sure,
nor after
transferral
to clean
water.
Mount
(1968)
found
that
the
ratio of zinc in gills to zinc in bones was relatively constant in fish
exposed to low levels of zinc.
This indicated equal rates of deposition
in these tissues.
In fish exposed to lethal zinc concentrations, the
ratio increased dramatically as the gills took up
zincquickly.
In fish
killed by zinc, the ratio exceeded a definite threshold. For fish
subject to sublethal zinc intoxication, there is, as yet, no data relating
tissue concentrations to particular toxic effects.
Therefore, in View of the great sensitivity of fish to low concen—
trations of zinc, an objective of 30 ug/l zinc is recommended for the
Great Lakes.
LITERATURE_CITED
Anderson, B. G. 1948. The apparent thresholds of toxicity to Daphnia 3
magna for chlorides of various metals when added to Lake Erie g
water. Trans. Am. Fish. Soc. 78: 96—113. -
Bartlett, L., F. W. Rabe, and W. H. Funk. 1974. Effects of copper,
zinc and cadmium on Selenastrum capricornutum. Water Res. 8:
179-185.
79
 
 Bengtsson, B. E. 1974. Effect of zinc on the growth of the minnow
Phoxinus phoxinus. Oikos 25: 370-373.
Biesinger, K. E. and G. M. Christensen. 1972. Effects of various metals
on survival, growth, reproduction and metabolism of Daphnia magna.,
J. Fish. Res. Board Can. 29: 1691—1700.
Bowen, H. J. M. 1966. Trace elements in biochemistry. Academic Press,
London. 241 pp.
Brown, J. R. and L. Y. Chow. 1975. The comparison of heavy metals in
fish samples taken from Baie du Dore, Lake Huron and Toronto Harbour,
Lake Ontario. International Conference on Heavy Metals in the Envir—
onment, Toronto, Canada, October, 1975.
Brungs, W. A. 1969. Chronic toxicity of zinc to the fathead minnow,
Pimephales promelas Rafinesque. Trans. Am. Fish. Soc. 98: 272-279.
DNHW, 1969. Canadian Drinking Water Standards and Objectives, 1968.
Prepared by the Joint Committee on Drinking Water Standards of the
Advisory Committee on Public Health Engineering and the Canadian
Public Health Association. Published by the Department of National
Health and Welfare, 1969. Ottawa. 39 pp.
Eaton, J. G. 1973. Chronic toxicity of a copper, cadmium and zinc mixture
to the fathead minnow (Pimephales promelas Rafinesque). Water Res.
7: 1723—1736.
Fenwick, P. D. 1972. The use of selected metals and metallic compounds
by industry in the Canadian Great Lakes Basin. Canada Centre for
Inland Waters, unpublished manuscript.
Goettl, J. P., J. R. Sinley andP. H. Davies. 1973. Water Pollution
Studies. Job Progress Report, Project No. F-33-R—8, Colorado
Division of Wildlife.
Lucas, H. F., Jr., D. N. Edgington and P. J. Colby, 1970. Concentrations
of trace elements in Great Lakes fishes. J. Fish. Res. Board Can.
27: 677-684.
Mount, D. I. 1968. Chronic toxicity of copper to fathead minnows
(Pimephales promelas Rafinesque). Water Res. 2: 215-224.
NAS/NAE. 1973. Water Quality Criteria, 1972. National Academy of Sciences,
National Academy of Engineering, for Ecological Research Series,
Environmental Protection Agency, Washington, D. C. EPA—R3—73-033.
Saiki, M. and T. Mori. 1955. Studies on the distribution of administered
radioactive zinc in the tissues of fishes. J. Bull. Jap. Soc. Sci.
Fish. 21: 945-949.
80
.7
h
.
.
.
.
.
.
.
.
.
.
~
.
.
-
,
.
m
.
.
.
.
M
»
.
Sparks,
R.
E.,
J.
Cairns,
Jr.,
and
A.
G.
Heath.
1972.
The
use
of
bluegill
breathing
rates
to
detect
zinc.
Water
Res.
6:
895—912.
Spehar,
R.
L.,
Cadmium
and
zinc
toxicity
to
Jordanella
floridae
(Goode
and
Bean).
Unpublished
manuscript.
U.S.
—
EPA,
Duluth,
Minnesota.
Sprague,
J.
B.,
P.
F.
Elson
and
R.
L.
Saunders.
1965.
Sublethal
copper-
zinc
pollution
in
a
salmon
river--a
field
and
laboratory
study.
Air
Water
Pollut.
9:
531—543.
Uthe,
J.
F.
and
E.
G.
Bligh,
1971.
Preliminary
survey
of
heavy
metal
contamination
of
Canadian
freshwater
fish.
J.
Fish.
Res.
Board
Can.
28: 786-788.
Whitton,
B.
A.
1970.
Toxicity
of
zinc,
copper,
and
lead
to
Chlorophxta
from
flowing
waters.
Arch.
Mikrobiol.
72:
353-360.
Wong,
P.
T.
S.
1975.
Toxicity
of
trace elements
on algae.
Unpublished
literature review, Fisheries and Marine Service, Canada Centre for
Inland Waters, Burlington, Canada.
81
.
4
w
r
t
w
r
m
w
.
.
«
.
T
‘
m
m
—
f
s
—
‘
ﬁ
w
:
—
-
=
r
‘
~
t
r
~
'
~
:
l
a
‘
r
;
r
:
r
~
e
“
‘
t
.
.
.
w
.
r
u
m
-
a
»
:
:
v
.
‘
:
‘
~
>
‘
>
.
,
1
.
:
:
v
:
“
:
.
.
l
m
-
w
n
e
‘
e
-
f
-
s
w
u
.
.
a
s
.
.
-
.
.
.
.
.
.
.
“
w
w
w
ﬂ
a
w
l
M
.
.
.
“
_
a
_
_
.
-
.
.
.
_
 
  
TO
TA
L
DI
SS
OL
VE
D
SO
LI
DS
—
EF
FE
CT
ON
SP
EC
IE
S
CO
MP
OS
IT
IO
N
 
RECOMMENDATION
It
is
re
co
mm
en
de
d
th
at
th
e
pr
es
en
t
ob
je
ct
iv
e
fo
r
TD
S
in
th
e
Ag
re
em
en
t
(A
nn
ex
l)
be
re
ta
i
ed
.
It
is
al
so
su
gg
es
te
d
th
at
co
nc
en
tr
at
io
ns
of
th
e
ma
jo
r
io
ns
(N
a
,
K+
,
Mg
2,
Ca
2,
50
:2
,
01
-,
00
32
,
HC
O3
_)
in
ea
ch
la
ke
be
mo
ni
to
re
d
on
a
re
gu
la
r
ba
si
s
in
or
de
r
to
id
en
ti
fy
an
y
ma
jo
r
sh
if
ts
in
re
la
ti
ve
io
ni
c
co
mp
os
it
io
n.
RATIONALE
La
st
ye
ar
's
re
po
rt
of
th
e
Wa
te
r
Qu
al
it
y
Ob
je
ct
iv
e
Su
bc
om
mi
tt
ee
(1
97
4)
di
sc
us
se
d
th
e
le
ve
ls
an
d
tr
en
ds
of
co
nc
en
tr
at
io
n
of
to
ta
l
di
ss
ol
ve
d
so
li
ds
(T
DS
)
an
d
it
s
ma
jo
r
co
ns
ti
tu
en
ts
in
th
e
Gr
ea
t
La
ke
s.
Th
e
ef
fe
ct
s
of
TD
S
on
aq
ua
ti
c
li
fe
we
re
co
ns
id
er
ed
,
an
d
it
wa
s
re
co
mm
en
de
d
th
at
th
e
ob
je
ct
iv
e
in
cl
ud
ed
in
th
e
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
be
le
ft
un
ch
an
ge
d.
Th
is
ye
ar
th
e
Su
bc
om
mi
tt
ee
in
ve
st
ig
at
ed
th
e
in
fl
ue
nc
e
of
TD
S
an
d
it
s
ma
jo
r
co
ns
ti
tu
en
ts
on
th
e
sp
ec
ie
s
co
mp
os
it
io
n
of
th
e
Gr
ea
t
La
ke
s
ec
os
ys
te
ms
,
es
pe
ci
al
ly
th
e
phytoplankton communities.
Th
is
su
bj
ec
t
wa
s
of
co
nc
er
n
be
ca
us
e
it
is
we
ll
es
ta
bl
is
he
d
th
at
th
e
re
la
ti
ve
an
d
ab
so
lu
te
co
nc
en
tr
at
io
ns
of
th
e
ma
jo
r
io
ns
in
a
bo
dy
of
wa
te
r
he
lp
de
te
rm
in
e
th
e
sp
ec
ie
s
th
at
oc
cu
r
(P
re
sc
ot
t,
19
68
).
Fo
r
ex
am
pl
e,
th
e
oc
cu
rr
en
ce
of
la
rg
e
nu
mb
er
s
of
sp
ec
ie
s
of
de
sm
id
s
is
us
ua
ll
y
co
rr
el
at
ed
wi
th
lo
w
co
nc
en
tr
at
io
ns
of
ca
lc
iu
m
or
of
ca
lc
iu
m
pl
us
ma
gn
es
iu
m
(H
ut
ch
in
so
n,
19
67
);
on
th
e
ot
he
r
ha
nd
,
sp
ec
ie
s
of
bl
ue
-g
re
en
al
ga
e
us
ua
ll
y
ha
ve
a
co
mp
et
it
iv
e
la
dv
an
ta
ge
ov
er
mo
st
ot
he
r
sp
ec
ie
s
at
hi
gh
co
nc
en
tr
at
io
ns
of
so
di
um
,
po
ta
ss
iu
m,
ch
lo
ri
de
,
an
d
su
lf
at
e
(P
ro
va
so
li
,
19
69
).
Su
ch
ob
se
rv
at
io
ns
ra
is
e
th
e
po
ss
ib
il
it
y
th
at
th
e
nu
me
ro
us
ch
an
ge
s
th
at
ha
ve
be
en
no
te
d
in
th
e
re
la
ti
ve
ab
un
da
nc
e
of
th
e
sp
ec
ie
s
of
ph
yt
op
la
nk
to
n
in
th
e
Gr
ea
t
La
ke
s
ma
y
ha
ve
be
en
pa
rt
ia
ll
y
ca
us
ed
by
th
e
ch
an
ge
s
in
TD
S
an
d
it
s
co
ns
ti
tu
en
ts
th
at
ha
ve
al
so
been observed.
A
ra
th
er
th
or
ou
gh
se
ar
ch
of
th
e
li
te
ra
tu
re
ha
s
yi
el
de
d
ve
ry
li
tt
le
ev
id
en
ce
to
su
pp
or
t
or
re
fu
te
th
is
po
ss
ib
il
it
y.
Th
e
ef
fe
ct
of
io
ni
c
co
mp
os
it
io
n
on
sp
ec
ie
s
co
mp
os
it
io
n
ha
s
re
ce
iv
ed
re
la
ti
ve
ly
li
tt
le
st
ud
y,
an
d
th
e
fe
w
in
ve
st
ig
at
io
ns
th
at
ha
ve
be
en
co
nd
uc
te
d
ha
ve
te
nd
ed
to
de
al
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th
ve
ry
la
rg
e
di
ff
er
en
ce
s
in
co
nc
en
tr
at
io
n,
us
ua
ll
y
by
a
fa
ct
or
of
10
or
mo
re
.
As
sh
ow
n
in
th
e
TD
S
se
ct
io
n
of
la
st
ye
ar
's
re
po
rt
,
th
e
ch
an
ge
s
in
co
nc
en
tr
at
io
n
of
ma
jo
r
io
ns
in
th
e
Gr
ea
t
La
ke
s,
wh
il
e
su
bs
ta
nt
ia
l
in
a
nu
mb
er
of
lo
ca
l
si
tu
at
io
ns
,
ha
ve
no
t
be
en
th
at
la
rg
e.
Th
us
,
th
er
e
is
no
di
re
ct
ev
id
en
ce
fr
om
wh
ic
h
to
de
ri
ve
sp
ec
if
ic
li
mi
ts
fo
r
th
es
e
io
ns
in
or
de
r
to
pr
ot
ec
t
ag
ai
ns
t
ch
an
ge
s
in
sp
ec
ie
s
co
mp
os
it
io
n,
an
d
no
li
mi
ts
ar
e
pr
op
os
ed
.
Ho
we
ve
r,
th
e
av
ai
la
bl
e
ev
id
en
ce
do
es
no
th
in
g
to
al
le
vi
at
e
th
e
co
nc
er
n
tha
t
the
rel
ati
ve
and
abs
olu
te
con
cen
tra
tio
ns
of
the
TDS
con
sti
tue
nts
cou
ld
str
ong
ly
inf
lue
nce
phy
top
lan
kto
n
spe
cie
s
com
pos
iti
on.
For
thi
s
rea
son
the
82
  
subcommittee
feels
even
more
strongly
than
previously
that
the
present
objective
for
TDS
in
the
Agreement
should
be
retained.
Further,
it
recommends
that
the
concentrations
of
the
major
ions
(i.e.,
Na+,
K+,
Mg+2,
SOu“2,
C1',
C
0
3
"
,
HCOa')
in
each
lake
and
each
major
within-lake
subarea
should
be
monitored
on
a
regular
basis
in
order
to
identify
any
major
shifts
in
relative
composition
that
occur.
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PERSISTENT COMPOUNDS
FLUORIDE
RECOMMENDATION
It
is
rec
omm
end
ed
tha
t t
he
fol
low
ing
new
obj
ect
ive
for
flu
ori
de
be
adopted:
Con
cen
tra
tio
ns
of
tot
al
flu
ori
de
in
an
unf
ilt
ere
d w
ate
r s
amp
le
sho
uld
not
exce
ed l
.2 m
illi
gram
s pe
r li
tre
to p
rote
ct r
aw w
ater
s fo
r pu
blic
water supplies.
RATIONALE
Fluo
rine
, ch
emic
ally
boun
d as
fluo
ride
, is
the
17th
most
abun
dant
elem
ent
in t
he e
arth
's c
rust
.
It o
ccur
s in
both
igne
ous
and
sedi
ment
ary
rock
s an
d
ente
rs s
urfa
ce w
ater
s ma
inly
thro
ugh
the
weat
heri
ng p
roce
ss o
f t
hese
rock
s
(Kilham and Hecky, 1973). The main fluorine-containing minerals are
fluorspar (Can), cryolite (NagAlFe) and fluorapatite [CasF(P0t)3].
The
fluo
ride
cycl
e in
volv
es p
assa
ge
to a
nd f
rom
the
atmo
sphe
re,
hydr
o-
sphere, lithosphere and biosphere. It has been estimated that 6,000 tons of
fluoride are contained in the 30 million tons of soil distributed in the
atmosphere each year in the United States (NAS/NRC 1971). Industrial sources
to the atmosphere and surface waters have been steadily increasing over
the past hundred years with the processing of new materials from the earth's
crust. These industrial sources include manufacture of aluminum; steel;
brick and tile products; phosphorus fertilizer and coal fired electric power
generation. Fluoride is also used as a pesticide and for many other commerical
purposes. It has been estimated that approximately 120,000 tons of fluoride
were emitted to the atmosphere in the United States in 1968 from industrial
operations. A large portion of these particulates and gases are removed
from modern plants practising good emission control by the use of filters,
electrostatic precipitators and various wet—scrubbing systems (NAS/NRC,
1971).
Groth (1975) estimated that the phosphate and aluminum industries dis—
charge between 10,000 to 35,000 tons of fluoride into United States surface
waters annually. He also estimates that fluoridation practices in municipal
water supplies add another 20,000 tons each year.
84
   
Fluoride in Water
In
general,
most
fluoride
salts
formed
with
mono—valent
cations
are
water
soluble
(e.g.,
NaF,
AgF
and
KP)
but
those
formed
with
di—valent
cations
are
uSually
quite
insoluble
(e.g.,
Can
and
PbFz),
(Sienko,
1957).
Natural
or
"background"
fluoride
1eVe1s
in
most
freshwater
streams
have
less
than
0.2
mg/l
(Neuhold
and
Sigler,
1960;
Groth,
1975).
Con-
centrations
of
13
mg/l
are
present
in
the
Firehole
and
Madison
Rivers
in
Yellowstone
National
Park
and
in
Pyramid
and
Walker
Lakes
in
Nevada
(Sigler
and
Neuhold,
1972).
Many
East
African
lakes
contain
more
than
1,000
mg/l,
the
highest
natural
concentrations
found
anywhere
(Kilham
and
Becky,
1973).
A
1970
"background"
water
quality
survey
of
23
streams
in
the
urbanized
S.E.
portion
of
Michigan's
lower
peninsula
compared
to
32
streams
in
the
upper
peninSula
showed
mean
fluoride
concentrations
of
0.40
and
0.18
mg/l,
respectively
(Michigan
DNR,
1970).
Fluoride
concentrations
in
the
upper
Great
Lakes
are
below
those
predicted by the equilibrium constants of Kramer
(1964).
This was based
on
the
calcium—carbonate—phosphate-fluoride
system which
is believed
to
regulate the concentrations of fluoride in inland lakes.
This regulating
system was postulated as the explanation for the observation of uniform
concentrations of fluoride
(0.46 mg/l) at different depths and even in
the interstitial water of 14 foot deep core samples from a meromictic
lake (Brunskill and Harriss, 1969). Comparisons of actual concentrations
in the Great Lakes to Kramer's model
(1964) are as follows:
Table 6
Comparison of Kramer's predicted fluoride levels
for the Great Lakes with concentrations actually observed
 
(in mg/l).
Average fluoride concentrations
Lake Predicted Levels 1961 to 1963* 1968** 197l***
Lake Superior 0.23 0.15 0.032 0.05
Lake Michigan 0.18 0.1 0.1 --
Lake Huron 0.43 -- 0.074 0.08
Lake Erie 0.4 0.1 0.110 0.12
Lake Ontario 0.35 0.2 0.116 0.14
* Kramer 1964
** Weiler and Chawla 1969
*** CCIW 1975
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 Flu
ori
de
con
cen
tra
tio
ns
hav
e b
een
obs
erv
ed
to
inc
rea
se
wit
h h
igh
riv
er
flo
ws
(Ba
ker
and
Kra
mer
, 1
971
),
bel
ow
mun
ici
pal
was
tew
ate
r d
isc
har
ges
(Ba
hls
, 1
973
),
and
in
the
vic
ini
ty
of
pho
sph
ate
—mi
nin
g o
per
ati
ons
(Mo
ore
,
1971).
It
is
als
o i
nte
res
tin
g t
o n
ote
tha
t f
luo
rid
e i
s c
ons
ide
red
one
of
the
main
liga
nds
resp
onsi
ble
for
keep
ing
bery
lliu
m,
alum
inum
, sc
andi
um,
nio
biu
m,
tan
tal
um,
iro
n a
nd
tin
in
sol
uti
on
in
nat
ura
l w
ate
rs
(Pi
twe
ll,
1974).
Drinking Water Supplies
 
Fluoride in drinking water for domestic animals generally has the
same effect as in man. Concentrations less than 2 mg/l generally have no
effe
ct.
Leve
ls h
ighe
r th
an t
his
can
caus
e mo
ttli
ng o
f te
eth
and
extr
emel
y
high intakes can cause skeletal fluorosis. Since food is the major source
of fluoride intake by domestic animals, it has been suggested that con—
centrations in forage averaging 40 ug/g or less will not cause significant
fluorosis (NAS/NRC, 1971). It has been reported that 4 to 5 mg/l of
fluoride in drinking water resulted in observable effects in cattle in
the form of dental lesions, mottling, staining and abnormal wearing of the
teeth. Thorough examination, hovever, established that these effects were
insignificant in the health, vitality, reproduction or milk production of
the animals (Neeley and Harbaugh, 1954). Even when cattle receive large
amounts of fluoride neither their flesh nor their milk pass it along the
food chain to man. The body burden they do accumulate is almost entirely
in their bones (NAS/NRC, 1974). NAS/NAE (1973) recommends an upper limit
for fluoride in livestock drinking water of 2 mg/l for prevention of
excessive teeth mottling.
Fluoride is often added to domestic water supplies to a level in the
distribution system of 1.0 mg/l to prevent dental caries. Water containing
less than about 1 mg/l will seldom cause mottling of teeth even in the most
susceptible children. Levels sufficient to cause other health problems
will not be encountered in a water supply fit to drink, but could only be
accumulated through a large intake of drinking water.
The Worl Health Organization European Drinking Water Standards recommend
an upper fluoride drinking water limit of 1.5 mg/l.
The United States Public Health Service Drinking Water Standards
(1962) specify the same standard for drinking water as does Ontario,
Canada (1974). These standards, for the Great Lakes Basin, are 1.3 mg/l
in each case. The Canadian Drinking Water Standards (DNHW, 1969) specify
a fluoride concentration in drinking water of 1.2 mg/l.
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Effects on Vegetation
 
A11
vegetation
contains some
fluoride
due
to uptake
from soil
and
water.
The normal range
for
terrestrial
plants
is
2
to
20 ug/g
(dry
weight).
Plants can also absorb soluble fluoride salts through their
leaves.
Information on the amount of fluoride in plant tissue derived
from irrigation water is limited.
One investigation showed that irrigation
water containing 6.2 mg/l of fluoride increased the fluoride content of
forage crops from 11 ug/g to 15 to 25 ug/g (Rand and Schmidt, 1952).
A U.S. group of experts recently recommended a maximum of 1.0 mg/l for
continuous use in irrigation water for all general soil applications and
15 mg/l for use over a 20-year period on neutral and alkaline fine textured
soils (NAS/NAE, 1973).
Apparently no plant injury
occursby irrigation water containing 10—15
mg/l fluoride (Bower and Hatcher, 1967; McKee and Wolf, 1963). No reduction
in carbon dioxide uptake occurred in terrestrial mosses incubated in
aqueous solutions containing 820 mg/l fluoride for 24 hours. Uptake was
effectively stopped by 8,200 mg/l after 24 hours (Inglis and Hill, 1974).
They concluded that fluoride was relatively non—toxic to mosses.
Aquatic plants have been found to contain higher concentrations of
fluoride than terrestrial plants. The terrestrial plants contained 33.8 ug/g
compared to 40.5 ug/g in the aquatics (Danilova, 1944). However, no
bioaccumulation was observed in either Cladophora or diatoms experimentally
exposed for 72 days to fluoride concentrations of 52 mg/l (Hemens and Warwick,
1972). Suppression of growth was observed by Smith and Woodson (1964)
in a bioassay using the alga Chlorella pyrenoidosa at all levels between
4.2 to 4,200 mg/l of fluoride. They concluded that this antimetabolite
has its greatest effect between 420 and 4,200 mg/l where 86 and 98% inhibition
occurred after 72 hours. Fluoride concentrations of 4.2 and 42 mg/l had equal
inhibitory effects of 19% after 72 hours. Using the same algal species, but
measuring respiration instead of growth, Sargent and Taylor (1972), however,
did not detect inhibition at high levels of fluoride (1,680 mg/l). They
did find that copper sulfate and fluoride acted more than additively in
inhibiting respiration.
 
Kilman and Becky (1973) observed that the sedge Cyperus papyrus was
absent in African lakes containing 5.4 and 6.6 mg/l of fluoride but was
abundant in lakes with 0.95 mg/l of fluoride.
Effect on Aquatic Animals
Rece
ntly
Grot
h (1
975)
revi
ewed
the
avai
labl
e li
tera
ture
and
conc
lude
d
tha
t t
her
e w
as
a f
air
ly
com
pel
lin
g c
ase
for
dea
lin
g w
ith
flu
ori
de
as
a
pol
lut
ant
wit
h a
gre
at
cap
aci
ty
to
do
eco
log
ica
l h
arm.
As
par
t o
f t
he
evi
den
ce
sup
por
tin
g
thi
s
con
cer
n h
e c
ite
d
the
fac
t
tha
t d
own
str
eam
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concentrations of 0.5 to 3 mg/l fluoride can result from both industrial
sources and municipal sewage. Concentrations are highest during summer'
months when biological activity is also at its peak. No ecological
effects were correlated with these fluoride levels (Bahls, 1973). Groth
(1975) states that much additional research is needed on the effects of
fluoride and indicates that adverse effects on aquatic life may have
been masked in the past by far more severe effects of untreated sewage,
industrial effluents and other major pollutants.
Bacterial species commonly associatedwith municipal wastewaters were
unaffected by concentrations up to 800 mg/l fluoride during a 48—hour
bioassay. No changes in growth or morphology were observed in Escherichia
coli, Pseudomonas fluorescensand Enterococcus species grown in nutrient broth
and mineral media with the above-mentioned concentration of fluoride. No
changes in viability were observed in these species after 4 months storage in the
fluoride solution (Vajdic, 1966). Paramecia, Euglena and rotifers continued
to live, reproduce and were active in fluoride concentrations of 2 to
1,000 mg/l (Wantland, 1956).
 
Using Lake Erie water as the diluent and fluoride as the toxicant,
Anderson (1946) found a 48—hour EC50 of 504 mg/l for Daphnia magna. The
measure of acute toxicity used was the 48—hour median effective concentration
(48—hour EC50) based on immobilization.
Indigenous populations of copepods were found in East African lakes
containing 437 mg/l fluoride but not in lakes with 1,064 mg/l (Kilham and
Hecky, 1973).
Studies with marine invertebrates indicate that only high fluoride
concentrations were toxic to the bluecrab, Callinectes sapidus, (greater
than 20 mg/l, (Moore, 1971)) and to oysters, (greater than 128 mg/l, (Moore,
1969)). However, Hemens and Warwick (1972) found a 30% mortality in brown
mussels Prena perna after 5 days exposure to approximately 7.2 mg/l, and
60% mortality at 41.6 mg/l. No mortality was observed in 3 species of
estuarine.fish after 96 hours in 100 mg/l fluoride test solution. Stewart
and Cornick (1964) found that exposure to 5 mg/l in sea water did not harm
the lobster Homarus americanus at 2C, for 10 days.
Reliable bioassay data for freshwater fish are very limited and some
researchers have used soft water as a diluent. Since calcium is
antagonistic to fluoride toxicity it may not be valid to apply bioassay
data from low calcium water, (less than 3 mg/l) to the Great Lakes which
contain from 13 to 46 mg/l calcium (Vallin, 1968; Weismann, 1974; Sigler and
Neuhold, 1972).
Neuhold and Sigler (1960) determined a 20—day LC50 for rainbow trout
Salmo gairdneri of 2.7 to 4.7 mg/l fluoride (95% confidence level)
using softened dilution water (calcium less than 3 mg/l). They concluded
that this is much lower than would occur in high calcium water. They also
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a
t
i
o
n
.
A
p
p
l
y
i
n
g
t
h
e
i
r
e
q
u
a
t
i
o
n
f
o
r
c
a
l
c
i
u
m
/
f
l
u
o
r
i
d
e
a
n
t
a
g
o
n
i
s
m
t
o
L
a
k
e
S
u
p
e
r
i
o
r
w
a
t
e
r
w
i
t
h
a
c
a
l
c
i
u
m
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
1
3
m
g
/
l
t
h
e
L
C
5
9
f
o
r
r
a
i
n
b
o
w
t
r
o
u
t
i
s
2
6
m
g
/
l
f
l
u
o
r
i
d
e
(
A
p
p
e
n
d
i
x
I
)
.
T
h
e
L
0
5
0
t
h
e
y
d
e
t
e
r
m
i
n
e
d
f
o
r
r
a
i
n
b
o
w
t
r
o
u
t
e
g
g
s
(
2
3
7
t
o
3
8
1
m
g
/
l
)
w
a
s
v
e
r
y
h
i
g
h
c
o
m
p
a
r
e
d
w
i
t
h
e
a
r
l
i
e
r
o
b
s
e
r
v
a
t
i
o
n
s
b
y
E
l
l
i
s
g
t
a
1
.
(
1
9
4
8
)
i
n
d
i
c
a
t
i
n
g
t
h
a
t
1
.
5
m
g
/
l
d
e
l
a
y
e
d
h
a
t
c
h
i
n
g
a
n
d
c
a
u
s
e
d
a
p
o
o
r
e
r
h
a
t
c
h
.
N
e
u
h
o
l
d
a
n
d
S
i
g
l
e
r
(
1
9
6
0
)
a
l
s
o
f
o
u
n
d
t
h
a
t
r
a
i
n
b
o
w
t
r
o
u
t
e
m
b
r
y
o
s
a
n
d
f
r
y
a
r
e
m
o
r
e
s
e
n
s
i
t
i
v
e
t
h
a
n
e
g
g
s
t
o
f
l
u
o
r
i
d
e
.
T
h
e
3
4
-
d
a
y
L
C
s
o
w
a
s
b
e
t
w
e
e
n
6
1
a
n
d
8
5
m
g
/
l
.
I
n
b
i
o
a
s
s
a
y
s
o
f
t
h
e
m
o
r
e
t
o
l
e
r
a
n
t
c
a
r
p
t
h
e
y
f
o
u
n
d
a
n
L
C
5
0
b
e
t
w
e
e
n
71
a
n
d
91
m
g
/
l
(95%
c
o
n
f
i
d
e
n
c
e
l
e
ve
l
)
a
t
t
e
m
p
e
r
a
t
u
r
e
s
r
a
n
g
i
n
g
b
e
t
w
e
e
n
1
8
a
n
d
24C.
T
h
e
c
a
r
p
r
a
n
g
e
d
f
r
o
m
10
to
33 cm in size.
B
i
o
a
s
s
a
y
s
b
y
H
e
r
b
e
r
t
a
n
d
S
h
u
r
b
e
n
(1964)
u
s
i
n
g
r
a
i
n
b
o
w
t
r
o
u
t
s
h
o
w
e
d
a
9
6
—
h
o
u
r
L
c
s
o
o
f
a
b
o
u
t
1
8
m
g
/
l
i
n
v
e
r
y
s
o
f
t
w
a
t
e
r
(
h
a
r
d
n
e
s
s
12
m
g
/
l
)
.
However,
the
authors
concluded
that
waters
with
a
greater
hardness
significantly
reduced
the
toxicity
of
fluoride.
They
further
stated
that
1.0
mg/l
fluoride
w
o
u
l
d
h
a
ve
o
n
l
y
a
n
e
g
l
i
g
i
b
l
e
toxic
effect
on
a
trout
p
o
p
ul
a
t
i
o
n
.
Wallen
e£_a1.
(1957)
found
the
mosquitofish
Gambusia
affinis
survived
fluoride
concentrations
of
560
mg/l
and
lower
in
turbid
water
with
an
alkalinity
of
less
than
100
mg/l.
The
96—hour
LC50
was
925
mg/l.
Ellis
(1937)
reported
that
goldfish
Carassius
auratus
survived
in
a
concentration
of
100
mg/l
in
hard
water
for
four
days
(termination
of
experiment).
In
a
review,
Sigler
and
Neuhold
(1972)
indicate
that
the
response
of
fish
to
moderate
fluoride
concentrations
(1.5
to
5
mg/l)
is
related
to
acclimation,
environmental
variables
such
as
calcium
concentrations
and
temperature,
and
is
species
dependent.
They
state
that
fish
populations
vary
with
respect
to
their
resistance
to
fluoride
toxicity
giving
as
examples
the
healthy
growing
populations
of
trout
in
the
Firehole
River
in
Yellowstone
National
Park,
Pyramid
and
Walker
Lakes
in
Nevada
where
fluoride
concentrations
reach
13
mg/l.
Yet
their
earlier
tests
showed
that
trout
raised
in
low
fluoride
concentrations
displayed
Lcso's
of
approximately
3
mg/l.
Bioaccumulation
in
Aquatic
Animals
Fluoride
concentrations
in fish range
from less
than 0.1
to
24
ug/g
(NAS/NBC, 1974).
Most of the data available deal with marine fish and
potential problems with high fluoride concentrations in fish flour
(Farkas,
1974).
Fish—protein concentrate made in the United States was found to
contain 169 ug/g fluoride (Hadjimarkos, 1964).
Hoskins and Loustaunau
(1974) analyzed fish-protein concentrate made from two marine species and one
freshwater species and found that all were less than the F.D.A.'s 100 ug/g
limitation and many were less than 25 ug/g.
 
  
  
Bioassays using fluoride concentrations ranging from 0.5 to 128 mg/l
showed accumulations occurred at 2 mg/l and above in oyster tissues.
Maximum levels in tissue, which were obtained after the first five days
of exposure, were 100 ug/g exposed to solutions of 32 mg/l fluoride while
18 ug/g was found after the 2 mg/l exposure (Moore, 1969). The blue
crab similarly reached a concentration of 50 ug/g in muscle after 90
days exposure to 20 mg/l fluoride while the control (0.1 - 1.5 mg/l
fluoride) contained 10 ug/g (Moore, 1971).
Generally potentialproblems occur only at high exposures of fluorides
or when the total fish is consumed (including bone) as in fish-protein
concentrate.
In summary, since most of the fluoride toxicity studies on aquatic
life have involved either the use of low calcium dilution waters or
marine organisms, it is not practical to set an objective based on the
protection of aquatic life. Therefore, it is recommended that the objective
for fluoride be: 1.2 mg/l total fluoride in an unfiltered water sample to
protect raw waters for public water supplies.
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 NON-PERSISTENT
TOXIC
SUBSTANCES
INORGANIC
CYANIDE
RECOMMENDAITDN
It
is
recommended
that
the
following
new
objective
for
cyanide
be
adopted:
Concentrations
of
free
cyanide
in
unfiltered
water
samples
should
not
exceed
5
micrograms
per
litre
for
the
protection
of
aquatic
life.
RATIONALE
Cyanide
is
one
of
the
simplest
and
most
readily
formed
organic
compounds.
Cyanide
and
derivatives
are
almost
universally
present
where
life
and
industry
are
found.
Besides
being
very
important
in
a
number
of
manufacturing
processes,
they
are
found
in
many
plants
and
animals
as
metabolic
intermediates
which
generally
are
not
stored
for
long
periods
of time.
Common
forms
of
cyanide
in
effluents
are
metal
cyanide
complexes,
hydr0cyanic
acid,
and
the
free
cyanide
ion
formed
primarily
from
dissociated
'simple
cyanide
salts.
The
cyanide
form
present
in
the
aquatic
environment
is
largely
pH dependent.
Most
of
the
free
cyanide
exists
as HCN at
Ph values
of
natural waters,
with
the
fraction
increasing
rapidly
as
the
pH of
the
solution decreases.
When
simple
cyanide
salts
dissociate
in aqueous
solution,
the cyanide ion combines with the hydrogen ion to form hydro-
cyanic acid, which is highly toxic to aquatic life.
Chemically, the
cyanide ion behaves similarly to the halide ions —— chloride, fluoride,
bromide and iodide.
The cyanide ion combines with numerous heavy metal ions to form metallo—
cyanide complexes.
The stability of these anions is highly variable.
Those
formed with zinc and cadmium are not stable; dissociation and production
of hydrocyanic acid in near neutral or acidic environments is rapid. In
turn, some of the metallocyanide anions are extremely stable. Cobalt-
ocyanide is difficult to destroy with highlydestructive acid distillation
in a laboratory. The iron cyanides are also very stable but exhibit the
phenomenon of photodecomposition, and in the presence of sunlight the
material dissociates to release the cyanide ion, thus affecting toxicity;
at night the reaction may reverse to produce a less toxic environment.
A wide variety of organic compounds may contain cyanide functional
groups. These compounds belong to a class of organic chemicals called
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nitriles, none of which dissociates to liberate cyanide ions or molecular
HCN. In addition, there are also complex organicacids, alcohols, esters,
and amides that contain the cyanide radicals. These organic compounds
are used for numerous productsor may be a waste by-product. Their
toxicity, persistence, and chemistry in the aquatic environment are not
well known except for a few specific compounds.
Cyanide toxicity is essentially aninhibition of oxygen metabolism,
i.e., rendering the tissues incapable of exchanging oxygen. The cyanogen
compounds are true non—cumulative protoplasmic poisons (can be readily
detoxified) since they arrest the activity of all forms of animal life.
Cyanide shows a very specific type of toxic action. It inhibits the
cytochrome oxidase system which facilitates electron transfer from reduced
metabolites to molecular oxygen. The ferric iron—porphyrin molecule
responsible for the catalytic action of cytochrome oxidaseis the reactive
site where cyanide combines with ferric [Fe(III)] iron atoms to form a
reversible complex. Other enzymes containing a metal porphyrin molecule,
e.g., peroxidases and xanthine oxidases, are also strongly inhibited by
cyanide. Only undissociated HCN inhibits the consumption of oxygen in
the tissues, causing cellular asphyxia (historic anoxia) by attaching
itself to the iron of the prosthetic group of the enzyme cytochrome
oxidase.
Hydrocyanic acid can be rapidly absorbed and carried in the plasma
but does not combine with hemoglobin because its iron atom is divalent
(ferrous). Instead, cyanide combines with methemoglobin, a mildly oxidized
form of hemoglobin in which the iron atom is trivalent (ferric). Methemo—
globin, which cannot carry oxygen, normally represents only a small fraction
of the total hemoglobin. Since it forms an irreversible and innocuous
complex with cyanide, it is an active cyanide detoxifying agent. Amyl nitrite
and other agents can be used to increase the level of methemoglobin to
counteract cyanide toxicity. A few of the ways in which cyanide can be
metabolized within a pattern of normal physiology are by the production of
thiocyanate, with amino acids, oxidation to carbon dioxide and formate, etc.
The conversion of only free cyanide and not organically bound cyano groups
to thiocyanate (SCN—) by action of the enzyme rhodanase is considered to be
the primary method of detoxification of cyanide. Rhodanase is absent from
blood and skeletal muscle, but is abundant in the liver. Thiocyanate is
eliminated irregularly and slowly in the urine.
The action of cyanide on the respiration of the cell and the primary
methods of detoxification of cyanide have been noted above. However, it
should be pointed out that cyanide does not completely abolish cellular
respiration. It is possible that a small amount of residual respiratory
activity is made possibly by cytochrome—b activity, since this substance
does not require the cyanide-susceptible cytochrome oxidases. An alternative
explanation of residual respiratory activity of the cyanide-poisoned system
is found in the action of the flavin aerobic dehydrogenases, which can
transfer hydrogen to molecular oxygen withoutthe cytochrome system.
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The
p
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h
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variable.
This
v
a
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y
is
d
e
p
e
n
d
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up
o
n
the
c
h
e
m
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form
of
c
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e
in
the
water,
the
c
o
n
c
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n
t
r
a
t
i
o
n
of
cyanide,
and
the
n
a
t
ur
e
of
o
t
h
e
r
constituents.
Cyanide
may
be
destroyed
by
strong
oxidizing
agents
such
as
permanganates
and
chlorine.
Chlorine
is
commonly
used
to
oxidize
strong
cyanide
solutions
to
produce
carbon
dioxide
and
ammonia;
if
the
reaction
is
not
carried
through
to
completion,
cyanogen
chlorine
may
remain
as
a
residual
and
this
material
is
also
toxic.
If
the
pH
of
the
receiving
waterway
is
acid
and
the
stream
is
well
aerated,
gaseous
hydrogen
cyanide
may
evolve
from
the
waterway
to
the
atmosphere.
At
low
concentrations
or
toxicity
and
with
acclimated
microflora,
cyanide
may
be
decomposed
by
microorganisms
in
both
anearobic
and
aerobic
environments
or
waste
treatment
systems.
A
review
of
the
available
pertinent
data
on
the
acute
toxicity
of
simple
cyanides
to
fish
reveals
that
the
minimum
lethal
(threshold)
con—
centrations
of
free
cyanide
from
data
obtained
from
experiments
ranging
from
12
minutes
to
10
days
with
brook
trout,
Salvelinus
fontinalis
(Karsten,
1934);
rainbow
trout,
Salmo
gairdneri
(Herbert
and
Merkens,
1952);
brown
trout,
Salmo
trutta
(Burdick
gt
a1.,
1958);
bluegills,
Lepomis
macrochirus
(Doudoroff
gt
al.,
1966);
and
fathead
minnows,
Pimephales
promelas
(Doudoroff,
1956),
are
reported
to
be
50,
70,
(60
determined
concentration)
70,
104,
150
and
180
ug/l
as
cyanide,
respectively.
The
minimum
lethal
threshold
concentration
is
the
concentration
nearly
or
barely
tolerable
for
individuals
of
average
resistance
when
the
exposure
thereto
is
indefinitely
prolonged.
 
Research
at
the
University
of
Minnesota
has
revealed
that
the
minimum
lethal
threshold
concentrations,
as
determined
from
continuous
flow bio-
assays
in
which
routine
analyses
for
cyanide
were
performed,
are
generally
lower
than
the
above
reported
values.
In addition,
the
acute
data with
fish
indicate
that,
in
general,
juveniles
are
more
sensitive
to
HCN
than
younger
life history
stages,
and
that
their
sensitivity is
increased
with
reduction
in dissolved
oxygen
concentration
and with
lowering
of
temperature.
Over the temperature range of 25C to BC the lethal threshold concentration
(LTC) for,juvenile bluegills
(Lepomis machrochirus) was determined to
decrease linearly from 130 to 58 ug/l HCN.
Should the above linearity
persist to lower temperature — not as yet experimentally determined - the
calculated LTC values at 5, 3, and 1C would be 41, 32 and 23 ug/l HCN
respectively.
In review it can be concluded that free cyanide concentrations in the
range from 50 to 100 ug/l as cyanide have proven eventually fatal to
many sensitive fishes and levels much above 200 ug/l probably are rapidly
fatal to most species.
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Downing (1954), Cairns and Scheier (1958), and Burdick E£_§l.
(1958) have shown that the toxicity of free cyanide increases with any
reductions in dissolved oxygen below the 100 percent saturation levels.
Cairns and Scheier (1958) observed that even periodic lowering of
dissolved oxygen decreased the tolerance of bluegills to cyanide.
Contradictory information from the literature indicates that un-
certainty exists between the relationship of toxicity of simple cyanides
to fish and the pH of the test solution. However, since undissociated
hydrogen cyanide has been demonstrated to be the toxic cyanide species
in simple cyanide solutions, changes in the pH of natural waters below
a value of about 8.3 should have no measurable effect on the acute toxicity
of simple cyanides to fish. There is no apparent relationship between
toxicity to fish and the alkalinity and hardness of the dilution water.
Cyanide is acutely toxic to most fishes at concentrations ranging
from 50 to 200 ug/l (Herbert and Merkens, 1952; Burdick gt 31., 1958;
Cairns and Scheier, 1958; Doudoroff, 1956; Turnbull g£_a1., 1954;
Lipschuetz and Cooper, 1955; Washburn, 1948).
Some information on chronic or sublethal effects of cyanide is also
available. Leduc (1966) found increased intestinal secretions in the
fish, Cichlasoma bimaculatum, at concentrations as low as 20 ug/l and
reduced swimming capability at concentrations of 40 ug/l. Costa (1965)
reported that three common species of fish detected and avoided cyanide
lconcéntrations of 26 ug/l in approximately one hour or less. Exposure
to a cyanide concentration as low as 10 ug/l reduced the swimming ability
or endurance of brook trout, Salvelinus fontinalis(Neil, 1957). Growth,
or food conversion efficiency of coho salmon, Oncorhynchus kisutch, was
reduced at hydrogen cyanide concentrations of 20 ug/l. Small freshwater
fish of the family Cichlidae exposedto a cyanide concentration of 15 ug/l
lost weight more rapidly than the control fish in water free from cyanide
(Leduc, 1966).
   
SurVival and growth tests of 56 days duration on young of the yellow
perch (Perca falvescens) and newly hatched bluegill fry (Lepomis machrochirus)
performed at the University of Minnesota indicate that with the bluegill fry
significant mortality occurred after about one month at all levels above
26 ug/l HCN. With the yellow perch, a marked effect on growth and survival
was observed at about 45 ug/l, and at 64 ug/l survival was approximately 50
percent (Broderius, 1975). Chronic tests were also performed by Broderius
in 1975 from egg through reproduction and into the second generation of
fathead minnows (Pimephales promelas) and through reproduction and hatching
with brook trout (Salvelinus fontinalis). For the fathead minnow it was
observed that HCN levels above 40 ug/l decreased growth rate through 84 days.
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A
significant
reduction
in
fecundity
was
noted
at
HCN
levels
greater
than
18
ug/l
liter.
Mean
percentage
hatch
was
significantly
decreased
at
levels
of
40
ug/liter
HCN
and
higher.
When
the
combined
effect
of
egg
production
and
fertility
(percentage
of
egg
hatch)
were
calculated
at
about
50,
120,
180,
250,
and
330
ug/liter
HCN,
effective
reproduction
was
approximately
65,
59,
35,
24,
and
21
percent
of
the
controls
respectively.
From
the
brook
trout
chronic
data,
it
can
be
calculated
that
at
about
50,
100
and
300
ug/l
HCN
effective
reproduction
was
about
80,
50,
and
30%
of
the controls respectively.
Based
upon
chronic
effects
on
fish
growth
and
reproduction,
an
objective
of
5
ug/l
free cyanide
as
HCN
is
recommended.
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NON-PERSISTENT
PESTICIDES
RECOMMENDATION
C
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n
s
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-
p
e
r
s
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t
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o
u
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d
n
o
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exceed
0.05
o
f
the
median
lethal
concentration
in
a
96-hour
test
for
any
sensitive
local
species.
A
persistent
compound
has
been
defined
(Great
Lakes
Water
Quality
Board,
1974)
as
one
which
either
a)
by
itself
or
as
its
transformation
product,
has
a
half-life
for
degradation
under
natural
environmental
conditions
of
more
than
eight
weeks,
or
b)
by
itself
or
as
its
trans-
formation
products,
on
entering
surface
waters
may
bioconcentrate
in
the
biota
of
the
receiving
waters.
Most
of
the
toxic
substances
dealt
with
under
the
category
of
persistent
organic
contaminants
were
organ-
ochlorine
pesticides
but
there
is
a
substantial
number
of
biocides,
particularly
the
organo-phosphates
and
carbamates
which
do
not
meet
this
definition
but
are
of
concern
because
of
their
actual
or
potential
effects
on
biota
in
the
Great
Lakes
region.
Where
established
standards
for
raw
water
supplies
are
limiting,
the
objective
for
any
substance
(persistent
or
not)
will
be
based
upon
such
standards,
but
these
are
generally
not
the
most
restrictive
use.
Rather,
it
will
more
likely
be
aquatic
life
which
represents
the
most
stringent
use
and
objectives
should
be
set,
therefore,
to
protect
all
life
stages
of
the
most sensitive species identified.
In establishing objectives
to protect aquatic
life
from any
toxic
substance,
the
preferred
approach is
to use
data derived
from chronic,
long-term tests on at least one generation of a sensitive test organism.
Accordingly,
the approach adopted here is to establish objectives for those
specific pesticides for which low level, long-term chronic testing has been
conducted.
Where scientifically determined "no—effect" levels are available,
these levels shall be recommended as the specific numerical objective; but
where-such levels have not been determined, objectives will be established
by applying an arbitrary safety factor of 0.2 to the lowest concentration
which produced a subtle effect (e.g., reduction in reproductive success) on
an appropriate test organism. This latter approach should provide a realistic
estimate of "safe" levels, and is consistent with the philosophy established
earlier for the establishment of objectives for persistent substances.
Where neither the "no—effect" nor the eStimated "safe" levels have been
determined and where there are indications of potential and significant
inputs to the Great Lakes basin, it is recommended that protection be
afforded aquatic life through the use of a 0.05 safety factor applied to
the 96-hour LCso for the pesticide for sensitive local species.
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It should be recognized that the preceding approach will significantly
restrict the number of specific pesticides regulated within this category
of substances, as an inadequate scientific data base exists for most of them
to permit the establishment of defensible numerical objectives. For this
reason, the use of the arbitrary safety factorof 0.05 times the 96 hour
LC50 is employed. Objectives based on this latter procedure may be inadequate
to protect aquatic life from a variety of deleterious sublethal effects or
conversely, it may be unduly restrictive. Such a procedural objective is
intended only as a temporary measure and not as a substitute for the
requisite testing necessary to establish scientifically defensible objectives.
The presence of some of the organophosphorus pesticides has been
investigated in the upper GreatLakes (Glooschenko gt al., 1976) but none
have been observed. While many of the compounds are not "persistent", they
may survive long enough in localized areas to cause deleterious effects —
either at acute levels or through accumulation of biological effects. The
usage/discharge patterns are unknown for most of these substances and, to date,
no pressing problems have been noted, at least on a basin basis. It_is
possible, however, to conceive of changing patterns such that localized
exposure to these compounds might lead to undesirable levels. Such exposure
could come about through direct application in spraying programmes and
accidental spillage, via surface runoff or leaching, and with discharges
in manufacturing operations. It is to protect against these eventualities
that objectives are being formulated here.
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DIAZINON
RECOMMENDATION
The
concentration
of
Diazinon
in
an
unfiltered
water
sample
should
not
exceed
0.08
micrograms
per
litre.
RATIONALE
Diazinon
is
the
common
name
for
the
organo-phosphate
pesticide
diethyl—2-isopropy1—6-methy1-4—pyrimidyl
phosphorothionate.
It
is
commonly
used
to
protect
fruit
trees,
corn,
tobacco
and
potatoes
from
sucking
and
leaf-eating
insects.
Diazinon
is
only
slightly
soluble
in
water
(40
milligrams/litre
at
room
temperature),
and
is
stable
in
alkaline
media,
but
is
readily
hydrolyzed
in
water
(Martin,
1971).
Available
data
indicate that
the persistence
of diazinon in aquatic
ecosystems is greatly influenced by pH.
Cowart
§£_31. (1971) demonstrated
that the half—life of diazinon in water at a pH of 6.0 was 14 days.
Miller
g£_§l. (1966) reported that 320 ug/l applied to a cranberry bog disappeared
completely within 6 days.
Gomaa g£_§1. (1969) have indicated that the
half—life of diazinon at pH values of 7.4, 9.0 and 10.4 was 184, 136 and
24 days, respectively.
As pH values of 7.4-9.0 are normally encountered
in waters of the Great Lakes system, it is possible that diazinon has the
capability of persisting for up to several months in aquatic ecosystems.
Because of the apparently conflicting data on its persistence, and as
organophosphate compounds are generally non-persistent (i.e. half-life
less than 8 weeks), diazinon is considered under the category of non-persistent
pest control products.
Investigations of the accumulation rate of diazinon indicate that this
compound does not appreciably accumulate in biological tissue. The Mummichog
(Fundulus heteroclitus) concentrated diazinon to a level of approximately
ten times the concentration in the surrounding water, but that 50% of tissue
residue was lost in less than one week (Miller gt a1., 1966). Allison and
Hermanutz (manuscript) reported that the accumulation factor for diazinon in
fish is low (compared to that observed for most organochlorine pesticides),
and that the tissue concentration is directly proportional to water
concentrations.
 
There is currently no standard in use in either Canada or the United
States which specifies maximum permissible concentrations of diazinon in
raw public water supplies.
103
  
 Exposure of the green alga Scenedesmus quadricaudata to diazinon
 
concentrations of 100 and 1,000 ug/l produced no effect on cell number,
photosynthesis, or biomass over a ten-day study (Stadnyk and Campbell,
1971).
Studies of the toxicity of diazinon to fish are limited, and generally
report the results of acute exposures.
The 24-hour LCso for rainbow trout
(Salmo gairdneri) to diazinon was determined to be 380 ug/l at 13°C (Cope,
1965).
Cope (1966) reported that the 48—hr. LC50 for rainbow trout at 13°C
and bluegills
(Lepomis macrochirus)
at 24°C was 170 ug/l and 96 Ug/l,
respectively.
Mean 96—hr LC50 values for diazinon were reported to be
7,800, 460, 770 and 1,600 ug/l for fathead minnows (Pimephales promelas),
bluegills, brook trout
(Salvelinus fontinalis), and flagfish
(Jordanella
floridae)
respectively
(Allison and Hermanutz, manuscript).
 
The chronic effects of diazinon on fathead minnows and brook trout were
studies by Allison and Hermanutz
(manuscript).
Statistically significant
reductions
in production rate for fathead minnows and brook trout were
observed at 3.2 and 0.55 ug/l (lowest concentrations tested).
Exposure of
brook trout for 6-8 months to concentrations of diazinon varying from
0.55 - 9.6 ug/l resulted in equally reduced growth rates for progeny as
well
as
adults.
For
fathead minnow,
the
hatch
of
progeny was
reduced
by 30%
at a concentration
of 3.2
ug/l.
There
is
evidence
that
these
effects
on
the progeny were
the
result
of parental
exposure
alone,
and
not
diazinon
levels
to
which
progeny
were
exposed
following
fertilization.
Available data indicate that the aquatic invertebrates are much more
acutely
sensitive
to diazinon
than are
fish.
The
48-hour
Ecso
(immobilization
value
at
15°C)
for water
fleas
(Simocephalus
serrulatus
and
Daphnia
pulex)
exposed
to
diazinon
was
1.8
ug/l
and
0.90
ug/l,
respectively
(Sanders
and
Cope,
1966).
Sanders
(1969)
has
reported
that
the
96—hr
LC50
for
Gammarus
lacustris was
200
ug/l.
The
48—hour
LC5o
for
the
stonefly
(Pteryonarcxs
i
californica)
has
been
demonstrated
to
range
from
6
ug/l
(FWPCA,
1968)
3
to 7.5 ug/l
(Cope, 1966).
The 96-hr.
LC50 of diazinon
for Acroneuria
)
lycorias
has
been
reported
to
be
1.7
ug/l
(NAS/NAE,
1973).
'
A
number
of
studies
have
been
conducted
to
determine
the
long—term
acute
toxicity
of
diazinon
to
aquatic
invertebrates.
These
data
are
summarized
in
table 7 (NAS/NAE, 1973).
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Table
7
—
Toxicity
of
Diazinon
to
Aquatic
Invertebrates
(NAS/NAE,
1973)
Organism
30-day
Lng
gug/l)
30-day
no
effect
(es/i)
Gammarus pseudo—
1imnaeus
0.27
0.20
Daphnia
magna
—
0.26
Pteronarcys
dorsata
4.6
3.29
Acroneuria lycorias
1.25
0.83
Ophiogomphus
rupinsulensis
2.2
1.29
Hydropszche bettoni
3.54
1.79
Ephemerella subvaria
1.05
0.42
 
No studies have been conducted to evaluate the chronic effects of
diazinon on reproduction and behaviour of invertebrates. Similarly, there
have been no complete life cycle studies to establish a "no—effect", or safe
concentration of diazinon for aquatic invertebrates.
Results from studies of the long-term acute toxicity of diazinon to
aquatic invertebrates indicate that an objective less than 0.20 ug/l would
protect invertebrates from exposure to concentrations Which are directly
lethal. The unpublished work of Allison and Hermanutz would indicate that
0.55 ug/l of diazinon is sufficiently highto exert a negative effect on
brook trout productivity. In the absence of "no effect" concentrations
established through the conduct of complete life-cycle studies, and
information on the chronic toxicity of diazinon to invertebrates, it is
recommended that the objective for diazinon be derived by application of a
safety factor of 0.05 to the 96-hour LCso for the most sensitive species.
A review of the data presented here indicates that Acroneuria lycorius
(96-hr LC50 of 1.7 ug/l) is the most sensitive organism. Accordingly,
it is recommended that concentrations of diazinon in water not exceed
0.08 ug/l to ensure protection of aquatic life. Available data on the
long—term acute toxicity, and studies of the chronic effect of diazinon on
brook"tr0ut, would indicate that this objective should protect sensitive
species of fish and aquatic invertebrates.
LITERATURE CITED
All
iso
n,
D.
T.,
and
R.
O.
Her
man
utz
, m
anu
scr
ipt
rep
ort
.
Chr
oni
c
to
xi
ci
ty
of
Di
az
in
on
to
br
oo
k
tr
ou
t
an
d
fa
th
ea
d
mi
nn
ow
s.
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
,
En
vi
ro
nm
en
ta
l
Re
se
ar
ch
Laboratory, Duluth, Minnesota.
105
 Cope, 0. B. 1965. Sport fishery investigations, pp. 51—64. In
The effect of pesticides on fish and wildlife. U.S. Fish
Wildlife Serv. Circ. 226.
Cope, O. B. 1966. Contamination of the freshwater ecosystem
by pesticides. J. Appl. Ecol. 3 (Supplement on pesticides in
the environment and their effects on wildlife): 33—44.
Cowart, R. P., F. L. Bonner and E. A. Epps. 1971. Rate of hydrolysis
of seven organophosphate pesticides. Bull. Env. Contam.
& Toxicol. 6: 231-234.
FWPCA, 1968. Water Quality criteria. Report of the National
Tech. Adv. Comm. to Secr. of the Interior. Fed. Wat. Poll.
Contr. Adm. U.S.D.I. 234 pp.
Gomaa, H. M., I. H. Suffet, and S. D. Faust. 1969. Kinetics of
hydrolysis of diazinon and diazoxon. Residue Reviews 29:
171-190.
Martin, H. (ed.). 1971. Pesticide Manual (2nd ed). British Crop
Protection Council. 495 pp.
Miller, C. W., B. M. Zuckerman, and A. J. Charig. 1966. Water
translocation of diazinon—1"C and parathion-35$ off a model
cranberry bog and subsequent occurrence in fish and mussels.
Trans. Am. Fish. Soc. 95: 345—349.
NAS/NAE. 1973. Water quality criteria, 1972. National Academy
of Sciences and National Academy of Engineering. EPA Publication
No. R3-73—033. 594 pp. Superintendent of Documents, Washington,
D. C.
Sanders, H. 0. 1969. Toxicity of pesticides to the crustacean,
Gammarus lacustris. Tech. Paper 25, Bur. Sport Fish. Wildl.
'U.S.D.I. 18 pp.
Sanders, H. 0., and 0. B. Cope. 1966. Toxicities of several
pesticides to two species of cladocerans. Trans. Am. Fish. Soc.
95: 165—169.
Stadnyk, L., and R. S. Campbell. 1971. Pesticide effect on growth i
and 1“C assimilation in a freshwater alga. Bull. Environ.
Contam. & Toxicol. 6: 1—8.
106
  
GUTHION
RECOMMENDATTDN
Concentrations
of
Guthion
in
an
unfiltered
water
sample
should
not
exceed
0.005
micrograms
per
litre
for
the
protection
of
aquatic
life.
RATIONALE
Guthion
is
a
broad
spectrum
agricultural
pesticide,
also
called
azinphosmethyl
and
properly,
9,97dimethylf§f[4—oxo—1,2,3—benzotriazin-
3(4H)—ylmethyl]
phosphorodithioate.
It
is
used
to
protect
fruit,
grain
and
vegetable
products
in
the
agricultural
industry
as
well
as
shrubs
and
trees
and
is
soluble
in water
at approximately
30 mg/l
(Chemagro
Corp.,
1957).
Hydrolysis
of Guthion
occurs
in aqueous
media
(Heuer 33 a1.,
1974)
at
environmental pH's and
temperatures
with
half-lives
(T%)
of
some
3—4 weeks.
In a natural soil
(Yaron g£_§1.,
1974), the half-lives varied
between two weeks and a year,
depending on the moisture content and
temperature.
Guthion has also been reported to degrade in pondwaters
(Meyer, 1965; Flint, 1970) and also in a variety of fish (T%'s less than
one week) (Meyer, 1965).
The degradation products have been shown to be
non—toxic, at least to the insect target species (Liang and Lichtenstein,
1972).
The acute toxicity of Guthion to sensitive fish (96-hour LC50)
ranges from 3-14 ug/l. In static tests, Lcso's for brown trout were
4 ug/l (Macek and McAllister, 1970); for rainbow trout, 3.2 ug/l (Katz,
1961) and 14 ug/l (Macek and McAllister, 1970); for bluegills, 5.2 ug/l
(Katz, 1961) and for yellow perch, l3 ug/l (Macek and McAllister, 1970).
Organophosphorus pesticides exert their lethal action toward fish by
inhibition of acetylcholinesterase (AChE) (Weiss, 1961) and recovery from
this condition is slow (Weiss, 1959, 1961; Darsie and Corrideu, 1959).
Decrease in the activity of this nervous system enzyme, even when not
lethal, will decrease the organism's activity and hence its potential for
survival (Katz, 1961). Levels of Guthion as low as 1 pg/l have been
observed to suppress AChE activity in bluegills (Weiss and Gakstatter,
1964). In other studies with fathead minnows, decreased spawning was
observed during long—termexposures at concentrations as low as 0.7
ug/l (Adelman and Smith, unpublished 1976). These authors estimate
a "safe" level at between 0.3 and 0.5 ug/l.
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The most sensitive aquatic organisms for which observations are
reported in the literature are the crustaceans and insects.
Acute toxicities
(96—hour LCso) for these organisms have been observed as low as 0.1 -
0.2 ug/l for Gammarus lacustris and Gammarus fasciatus (Saunders, 1969;
Saunders, 1972) and 1.5 ug/l for Pteronarcys californica (Sanders and Cope,
1968).
The lowest long-term effects (20-30—day LCso's) have been noted
in studies with grass shrimp (0.16 ug/l; Sanders, 1972) and stonefly naiads
(0.24 ug/l; Jensen and Gaufin, 1966).
 
These above responses can hardly be considered as indicating "safe"
concentration levels for all aquatic life and, consequently, the recommended
safety factor of 0.05 is applied to the lowest of the 96—hour LC50'S
(Gammarus fasciatus at 0.1 ug/l) and should afford reasonable protection.
The recommended objective is, therefore, 0.005 ug/l.
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 PESTICIDES
PARATHION
RECOMMENDATION
Concentrations of parathion in an unfiltered water sample should
not exceed 0.008 micrograms per litre for the protection of aquatic
life.
ﬁﬂITONALE
Parathion, Qggfdiethylfgfp-nitrophenylphosphorothionate, is a non-
systemic contact and stomach insecticide and acaricide used extensively
in the agricultural industry. It is slightly soluble in water at 24 mg/l
(Martin and Worthing, 1974) and hydrolyses in distilled water with a half-
life of 25—120 days (Peck, 1948; Cowart g£_§1,, 1971). Persistence of
parathion in a natural environment has been studied by Eichelberger and
Lichtenberg (1971) in which it was observed to have a half—life of one
week in river water. In other studies, half-lives of three and five weeks
were noted for "natural" waters of pH 8.4 and 7.0 respectively (Weiss and
Gakstatter, 1964) and of 30-40 hours (Leland, 1968) in rainbow trout.
The effects of parathion (and other organophosphate pesticides)
are reportedly via suppression of acetylocholinesterase (AChE) activity
and this persists long after the actual exposure. Subjection of bluegills
to 100 ug/l of parathion over 24 hours resulted in a 75% reduction of AChE
activity which did not return to normal for a further sixty days (Weiss,
1961). The compound is metabolised to a number of products including its
oxygenated analogue, para—oxen, and its amino form (Graetz g£_§l,, 1970).
While some of these may be more toxic than the parent material and may even
be responsible for parathion's AChE inhibition (Aldridge and Davison,
1952) they are generally more readily degraded as well.
Acute toxicity effects of parathion with fishes have been determined
in flow—through systems with 96—hour LC50 values of 500 ug/l for bluegills,
1,600 ug/l for fathead minnows and 1,700 ug/l for brook trout (Spacie,
1975). In a similar test system, a 96-hour LC50 of 18 ug/l was noted for
juvenile freshwater and estuarine striped bass (Korn and Earnest, 1974).
Sub—acute effects (tremors) for brown bullheads are reported Onount and
Boyle, 1969) at 30 ug/l over a 30—day exposure. The lowest observed effect
for fishes is with bluegills in which deformities were recorded over a
23-month exposure at 0.34 ug/l (Spacie, 1975).
Fishes are not however, the most sensitive organisms towards parathion -
the insect target organisms, are much more susceptible. Acutely toxic levels
for several more sensitive aquatic insects are recorded in table 8, along
with sub-acute levels for the same species.
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 Gammarus fasciatus
TABLE 8
Toxic
Effects
of
Parathion
to
Insects
and
Crustaceans
Concentrations
in
ug/l
in
flow-through
systems
Species
Acute
LC50
Sub—acute
LC50
Reference
Daphnia
magna
0.62
(4
days)
0.14
(21
days)
Spacie
(1975)
Acroneuria
pacifica
0.93
(5
days)
0.44
(30
days)
Jensen
&
Gaufin (1964)
0.40
(4
days)
0.07
(43
days)
Spacie
(1975)
In
the
study
by
Spacie
(1975)
on
Gammarus
fasciatus,
significant
mortality
was observed
at
0.04
ug/l over
43 days
and
this
is
the lowest
effect level reported for a freshwater organism.
Also reported in the same
studies
were
significant reproductive
failure with
Daphnia magna
at
parathion concentrations greater than 0.08 ug/l.
There do not appear to be any published data on actual "safe"
concentrations of parathion for these sensitive
organisms and in view of
the fact that its physiological action is by suppression of acetylchlorinesterase
-activity, a condition from which recovery is slow, the safety factor of 0.2
is applied to the lowest of these levels (0.04 ug/l for Gammarus fasciatus)
to arrive at the recommended level of 0.008 ug/l for the protection of
aquatic life.
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PHYSICAL
CHARACTERISTICS
TEMPERATURE
RECOMMENDATION
l.
Thermal
additions
to
receiving
waters
or
a
designated
segment
thereof
should
be
such
that
thermal
stratification
and
subsequent
turnover
dates
are
not
altered
from
those
existing
prior
to
addition
of
heat
from artificial origin.
2.
Maximum
weekly
Average
Temperature
This
is
the
mathematical
mean
of
multiple,
equally
spaced
daily
temperatures.
For Growth
The
maximum
weekly
average
temperature
OMMAT)
in
the
zone
inhabited
by
the
species
at
that
time
should
not
exceed
one-third
of
the
range
between
the
optimum
temperature
(Tb)
and
the
ultimate
upper
incipient
lethal
temperature
(Tu)
of
the
species,
in
order
to
maintain
growth
of
aquatic
organisms
at
levels
necessary
for
sustaining
actively
growing and
reproducing populations
(Table
l,
Appendix
II).
Thus,
MWAT = 1b + Tu - 1b
3
The optimum temperature is assumed to be fbr.growth but other
physiological optima may be used in the absence of growth data.
The MWAT must be applied with adequate understanding of the normal
seasonal distribution of the important species.
For Reproduction'
The MWAT for reproduction should not exceed those limits for normal
spawning (Table 2 - Appendix II); in addition these objectives
must protect gonad growth and gamete maturation, spawning migrations,
spawning itself timing and synchrony with cyclic food sources, and
normal patterns of gradual temperature changes throughout the year.
The protection of reproductive activity must take into account
normal months during which these processes occur in specific water
bodies for which objectives are being developed.
For Winter Survival (applicable at any place inhabitable by fish)
The MWAT for fish survival during winter should not exceed the
acclimation, or plume, temperature (minus a 2.0 0 safety factor)
that raises the lower lethal threshold temperature above
the normal ambient water temperature for that season. This
temperature limit will apply in any area to which the fish have
access and would include areas such as unscreened discharge channels.
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This objective is necessary to eliminate fish kills caused by
rapid changes in temperature due to plant shutdown or movement
of fish from a heated plume to ambient temperature.
3. Short-term Exposure to Extreme Temperature
 
A. For the Season of Growth
The temperature objective for (l) short-term exposure during the
growth season is the 24—hr. median tolerance limit, minus 2°C, at an
acclimation temperature approximating the MWAT for that month; and
(2) short-term exposure during the spawning season is the upper
temperature for successful incubation and hatching. These exposures
should not be too lengthy or frequent or the species could be
adversely affected. The length of time in minutes (t) that 50
percent of a population will survive temperatures above the
incipient lethal temperature (T in “0) can be calculated from
the following regression equation:
log (t) = a + b (T)
where a and b are intercept and slope, respectively, which are
characteristics of each acclimation temperature for each species
(National Academy of Sciences, l973).
B. For the Season of Reproduction
The short-term maximum temperature for the season of reproduction
should be based on the maximum incubation temperature for successful
embryo survival. The maximum temperature fbr spawning is probably
an acceptable alternative.
RATIONALE
A detailed discussion of the development of these objectives and the
rationale in support of them has been presented (NAS/NAE, 1973). The
'objectives are not designed to be unique for each thermal discharge.
They are only different when the composition of sensitive important fish
species is different.
The following is a summarization of that rationale.
Living organisms do not respond to the quantity of heat but instead, to
degrees of temperature or to temperature changes caused by transfer of heat.
Organisms have upper and lower lethal tolerance limits, optimum temperatures
for growth, preferred temperatures in thermal gradients, and temperature
limitations for migration, spawning and egg incubation.
Temperature also
affects the physical environment of the aquatic medium (e.g., viscosity,
degree of ice cover, and oxygen capacity).
Therefore, the composition of
aquatic communities depends largely on temperature characteristics of the
environment, for example, warmwater fish such as bass and sunfish will not
be able to compete with trout and salmon at temperatures that are optimal
for the latter.
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Because
temperature
changes
may
affect
aquatic
communities,
an
induced
change
in
the
thermal
characteristics
of
an
ecosystem
may
be
detrimental.
On
the
other
hand,
altered
thermal
characteristics
may
be
beneficial,
as
evidenced
in
some
of
the
newer
fish
hatchery
practices
and
at
other
aquacultural
facilities.
The
general
difficulty
in
developing
suitable
objectives
for
temperature
(which
would
limit
the
addition
of
heat)
is
to
determine
the
deviation
from
natural
temperature
a
particular
body
of
water
can
experience
without
adversely
affecting
its
desired
biota.
Whatever
requirements
are
suggested,
natural
diurnal
and
seasonal
cycles
must
be
retained,
annual
spring
and
fall
changes
in
temperature
must
be
gradual,
and
large
unnatural
day—to—day
fluctuations
should
be
avoided.
In
view
of
the
many
variables,
it
seems
obvious
that
no
single
temperature
rise
limitation
can
be
applied
uniformly
to
continental
or
large
regional
areas;
the
requirements
must
be
closely
related
to
each
body
of water
and
to
its
particular community of
organisms,
especially
the
important
species
found
in it.
These
should
include
invertebrates,
plankton,
or other plant and
animal
life
that may be
of
importance
to
food
chains
or otherwise
interact with
species of
direct
interest
to
man.
Since thermal requirements of various
species differ,
the social
choice of the species to be protected allows for different levels of
protection among water bodies.
Although such decisions clearly transcend
the scientific judgments needed in establishing thermal criteria for
protecting selected species, biologists can aid in making these decisions.
Some measures useful in assigning levels of importance to species are:
(1) high yield or desirability to commercial or sport fisheries,
(2)
large biomass in the existing ecosystem (if desirable), (3) important
links in food chains of other species judged important for other reasons,
and (4) endangered or unique status.
Criteria for making recommendations for water temperature to protect
desirable aquatic life cannot be simply a maximum allowed change from
natural temperatures. This is principally because a change of even one
degree from an ambient temperature has varying significance for an
organism, depending upon where the ambient level lies within the tolerance
range. In addition, historic temperature records or, alternatively, the
existing ambient temperature prior to any thermal alterations by man are
not always reliable indicators of desirable conditions for aquatic populations.
Multiple developments of water resources also change water temperatures both
upward (e.g., upstream power plants or shallow reservoirs) and downward
(e.g., deepwater releases for large reservoirs) so that ambient and natural
temperatures at a given point can best be defined only on a statistical basis.
Objectives for temperature should consider both the multiple thermal requirements
of aquatic species and requirements for balanced communities. The number of
distinct requirements and the necessary values for each require periodic
re—examination as knowledge of thermal effects on aquatic species and
communities increases. Currently definable requirements include:
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l si
tuat
ions
of a
quat
ic o
rgan
ism
(e.g
., w
here
they
are,
whe
n t
hey
are
the
re,
in
wha
t n
umb
ers
) m
ust
als
o b
e u
nde
rst
ood
.
The
rma
l
obj
ect
ive
s f
or
mig
rat
ory
spe
cie
s s
hou
ld
be
app
lie
d t
o a
cer
tai
n a
rea
onl
y w
hen
the species is actually there.
Avai
labl
e da
ta f
or t
empe
ratu
re r
equi
reme
nts
for
grow
th a
nd r
epro
duct
ion,
lethal limits for various acclimation temperature levels, and various
temp
erat
ure—
rela
ted
char
acte
rist
ics
of m
any
of t
he m
ore
impo
rtan
t or
desi
rabl
e
fres
hwat
er f
ish
spec
ies
are
incl
uded
in A
ppen
dix
II.
Gene
ral
temp
erat
ure
objectives-for theSe species are summarized in Tables 1 and 2 (Appendix II).
The MWAT for winter survival are graphically presented in Figure 1 (Appendix
II). In addition, examples of the development of numerial temperature
objectives for a warmwater and a coldwater fish population are included
in Appendix II. The derivation of the objectives in Tables 1 and 2,
Figure l, and the examples in Appendix II are reproduced from Brungs
and Jones (1976).
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p
o
r
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n
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t
h
e
n
a
r
r
a
t
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v
e
p
r
e
c
e
d
i
n
g
t
h
e
r
e
c
o
m
m
e
n
d
e
d
w
a
t
e
r
q
u
a
l
i
t
y
o
b
j
e
c
t
i
v
e
s
i
n
l
a
s
t
y
e
a
r
'
s
r
e
p
o
r
t
e
m
p
h
a
s
i
z
e
d
t
h
e
n
e
c
e
s
s
i
t
y
f
o
r
d
e
v
e
l
o
p
m
e
n
t
o
f
a
m
e
c
h
a
n
i
s
m
t
o
l
i
m
i
t
t
h
e
b
i
o
l
o
g
i
c
a
l
v
a
l
u
e
l
o
s
s
a
n
d
o
t
h
e
r
b
e
n
e
f
i
c
i
a
l
u
s
e
l
o
s
s
e
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
m
i
x
i
n
g
z
o
n
e
s
a
n
d
o
t
h
e
r
a
r
e
a
s
o
f
n
o
n
—
c
o
m
p
l
i
a
n
c
e
i
n
s
u
c
h
a
m
a
n
n
e
r
t
h
a
t
t
h
e
i
n
t
e
g
r
i
t
y
o
f
t
h
e
w
a
t
e
r
b
o
d
y
o
r
p
o
r
t
i
o
n
t
h
e
r
e
o
f
i
s
a
s
s
u
r
e
d
.
A
l
i
m
i
t
i
n
g
m
e
c
h
a
n
i
s
m
i
n
c
o
r
p
o
r
a
t
i
n
g
m
a
n
a
g
e
m
e
n
t
o
b
j
e
c
t
i
v
e
s
a
n
d
l
e
v
e
l
s
o
f
p
r
o
t
e
c
t
i
o
n
w
a
s
p
r
o
p
o
s
e
d
w
h
i
c
h
i
n
c
l
u
d
e
d
t
h
e
f
o
l
l
o
w
i
n
g
b
a
s
i
c
s
t
e
p
s
:
1)
A
g
r
e
e
m
e
n
t
o
n
t
h
e
b
i
o
l
o
g
i
c
a
l
a
n
d
o
t
h
e
r
u
s
e
s
t
o
b
e
p
r
o
t
e
c
t
e
d
;
2)
I
d
e
n
t
i
f
i
c
a
t
i
o
n
o
f
t
h
e
i
m
p
o
r
t
a
n
t
s
p
e
c
i
e
s
;
3
)
B
i
o
l
o
g
i
c
a
l
m
a
p
p
i
n
g
o
f
t
h
e
w
a
t
e
r
b
o
d
y
t
o
e
s
t
a
b
l
i
s
h
b
i
o
t
i
c
z
o
n
e
s
o
f
t
h
e
i
m
p
o
r
t
a
n
t
s
p
e
c
i
e
s
;
4
)
A
s
s
i
g
n
m
e
n
t
o
f
a
n
u
m
e
r
i
c
a
l
b
i
o
l
o
g
i
c
a
l
v
a
l
u
e
t
o
t
h
e
z
o
n
e
s
o
n
t
h
e
b
a
s
i
s
o
f
i
m
p
o
r
t
a
n
c
e
t
o
e
c
o
s
y
s
t
e
m
f
u
n
c
t
i
o
n
;
5)
S
e
l
e
c
t
i
o
n
o
f
a
l
e
v
e
l
o
f
p
r
o
t
e
c
t
i
o
n
f
o
r
t
h
e
w
a
t
e
r
b
o
d
y
;
6)
C
a
l
c
u
l
a
t
i
o
n
o
f
b
i
o
l
o
g
i
c
a
l
v
a
l
u
e
a
v
a
i
l
a
b
l
e
f
o
r
a
l
l
o
c
a
t
i
o
n
;
7)
A
l
l
o
c
a
t
i
o
n
t
o
p
r
e
s
e
n
t
d
i
s
c
h
a
r
g
e
r
s
a
n
d
r
e
s
e
r
v
a
t
i
o
n
f
o
r
f
u
t
u
r
e
discharges.
T
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
a
c
k
n
o
w
l
e
d
g
e
d
the
f
u
t
u
r
e
p
o
t
e
n
t
i
a
l
o
f
the
b
i
o
l
o
g
i
c
a
l
v
a
l
u
e
a
l
l
o
c
a
t
i
o
n
m
e
c
h
a
n
i
s
m
a
n
d
a
u
t
h
o
r
i
z
e
d
f
u
r
t
h
e
r
d
e
v
e
l
o
p
m
e
n
t
b
y
r
e
f
e
r
r
a
l
b
a
c
k
to
t
h
e
I
m
p
l
e
m
e
n
t
a
t
i
o
n
C
o
m
m
i
t
t
e
e
a
n
d
to
the
R
e
s
e
a
r
c
h
A
d
v
i
s
o
r
y
B
o
a
r
d
.
T
h
e
w
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
w
a
s
p
a
r
t
i
c
u
l
a
r
l
y
i
n
t
e
r
e
s
t
e
d
i
n
t
h
e
a
v
a
i
l
a
b
i
l
i
t
y
o
f
t
h
e
b
i
o
l
o
g
i
c
a
l
d
a
t
a
b
a
s
e
a
n
d
c
o
s
t
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
g
a
t
h
e
r
i
n
g
t
h
e
m
i
s
s
i
n
g
i
n
f
o
r
m
a
t
i
o
n
,
t
h
e
p
o
t
e
n
t
i
a
l
i
m
p
a
c
t
o
n
e
x
i
s
t
i
n
g
d
i
s
c
h
a
r
g
e
r
s
,
a
n
d
the
i
n
s
t
i
t
u
t
i
o
n
a
l
a
r
r
a
n
g
e
m
e
n
t
s
for
i
m
p
l
e
m
e
n
t
a
t
i
o
n
.
T
h
e
R
e
s
e
a
r
c
h
A
d
v
i
s
o
r
y
B
o
a
r
d
'
s
S
t
a
n
d
i
n
g
C
o
m
m
i
t
t
e
e
o
n
S
c
i
e
n
t
i
f
i
c
B
a
s
i
s
f
o
r
W
a
t
e
r
Q
u
a
l
i
t
y
C
r
i
t
e
r
i
a
a
n
d
t
h
e
S
u
b
c
o
m
m
i
t
t
e
e
c
o
n
c
l
u
d
e
d
t
h
a
t
t
h
e
f
i
r
s
t
o
b
s
t
a
c
l
e
to
o
v
e
r
c
o
m
e
e
n
r
o
u
t
e
to
a
c
c
e
p
t
a
n
c
e
a
n
d
i
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
t
h
i
s
m
e
c
h
a
n
i
s
m
is
d
e
v
e
l
o
p
m
e
n
t
o
f
w
a
t
e
r
b
o
d
y
m
a
p
s
.
Last
year
almost
total
emphasis
was
on
biological
(zoogeographical)
mapping,
s
up
p
o
r
t
e
d
by
chemical
and
physical
mapping,
to
e
s
t
a
b
l
i
s
h
bi
otic
zones
of
important
species.
Such
a
map,
or
series
of
maps
on
a
seasonal
basis,
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m
i
l
l
“
m
.
a
\
,
 wo
ul
d
im
me
di
at
el
y
id
en
ti
fy
ar
ea
s
im
po
rt
an
t
to
ec
os
ys
te
m
ma
in
te
na
nc
e
an
d
pr
ov
id
e
in
si
gh
t
in
to
av
ai
la
bi
li
ty
of
ha
bi
ta
t
wh
ic
h
by
it
s
sc
ar
ci
ty
is
li
mi
ti
ng
to
ma
na
ge
me
nt
ob
je
ct
iv
es
.
Th
is
ap
pr
oa
ch
to
wa
te
rb
od
y
ma
pp
in
g
wa
s
to
o
na
rr
ow
in
th
at
be
ne
fi
ci
al
us
es
ot
he
r
th
an
bi
ol
og
ic
al
we
re
no
t
in
cl
ud
ed
.
A
Ta
sk
Fo
rc
e
wo
rk
in
g
wi
th
bi
ol
og
ic
al
,
ch
em
ic
al
,
ph
ys
ic
al
an
d
so
ci
al
sc
ie
nt
is
ts
fa
mi
li
ar
wi
th
La
ke
On
ta
ri
o
co
nc
lu
de
d
th
at
en
vi
ro
nm
en
ta
l
va
lu
e
ma
pp
in
g
to
pr
ov
id
e
a
ho
li
st
ic
vi
ew
of
th
e
sy
st
em
on
an
ec
ol
og
ic
al
ly
-m
ea
ni
ng
fu
l
sc
al
e
wa
s
a
pr
er
eq
ui
si
te
to
de
ve
lo
pm
en
t
of
an
y
me
ch
an
is
m
or
pl
an
fo
r
wa
te
rb
od
y
management.
Ca
nd
id
at
e
in
fo
rm
at
io
n
fo
r
en
vi
ro
nm
en
ta
l
va
lu
e
ma
ps
in
cl
ud
es
:
ph
ys
ic
al
——
——
—
se
as
on
al
te
mp
er
at
ur
es
,
de
pt
hs
,
pr
ev
ai
li
ng
cu
rr
en
ts
,
bo
tt
om
ty
pe
s;
ch
em
ic
al
-—
——
—
ar
ea
s
of
no
n—
co
mp
li
an
ce
,
in
cl
ud
in
g
mi
xi
ng
zo
ne
s;
bi
ol
og
ic
al
——
——
— f
is
h
(s
pa
wn
in
g,
nu
rs
er
y,
mi
gr
at
io
n,
li
vi
ng
),
ma
rs
he
s
im
po
rt
an
t
to
aq
ua
ti
c
ma
mm
al
s
an
d
wa
te
rf
ow
l,
wa
te
rf
ow
l
fe
ed
in
g
an
d
wi
nt
er
in
g
ar
ea
s,
gu
ll
ne
st
in
g
is
la
nd
s,
be
nt
ho
s
di
st
ri
bu
ti
on
an
d
qu
al
it
y,
zo
op
la
nk
to
n,
ph
yt
op
la
nk
to
n,
CZ
ad
op
ho
ra
,
ma
cr
o—
ph
yt
es
;
cu
lt
ur
al
us
es
——
——
— d
am
s
an
d
fi
sh
wa
ys
,
pu
bl
ic
re
cr
ea
ti
on
ar
ea
s
an
d
pa
rk
s,
ha
rb
or
s
of
re
fu
ge
an
d
la
un
ch
in
g
si
te
s,
fi
sh
in
g
ar
ea
s
(s
po
rt
an
d
co
mm
er
ci
al
),
wa
te
r
in
ta
ke
s,
di
sc
ha
rg
e
si
te
s
an
d
ar
ea
s
of
ae
st
he
ti
c
an
d
hi
st
or
ic
al
value.
The
use
s
whi
ch
c0u
ld
be
mad
e
of
wat
erb
ody
env
iro
nme
nta
l
val
ue
map
s
inc
lud
e:
ide
nti
fic
ati
on
and
qua
nti
fic
ati
on
of
bio
tic
zon
es;
ass
ign
men
t
of
val
ue;
pro
vis
ion
of
a b
asi
s
for
lim
ita
tio
ns
to
con
fig
ura
tio
n
and
con
dit
ion
s
wit
hin
mix
ing
zon
es
and
oth
er
are
as
of
non
—co
mpl
ian
ce;
sit
e
sel
ect
ion
;
gui
dan
ce
in
dre
dgi
ng,
fil
lin
g
and
spo
il
dis
pos
al;
bac
kgr
oun
d
for
aer
ial
pho
tog
rap
hy
ove
rla
ys;
dis
pla
y
of
sur
vei
lla
nce
inf
orm
ati
on;
an
ext
ens
ion
of
coa
sta
l
zon
e m
app
ing
to
per
mit
hol
ist
ic
pla
nni
ng;
ide
nti
fic
ati
on
of
can
did
ate
are
as
of
hab
ita
t r
eha
bil
ita
tio
n;
res
ear
ch
pla
nni
ng;
pin
poi
nti
ng
pri
ori
ty
are
as
to
pro
tec
t i
n t
he
eve
nt
of
con
tam
ina
nt
spi
lls
; a
nd
as
a
general education tool and popular guide.
The
Res
ear
ch
Adv
iso
ry
Boa
rd
app
rov
ed
a w
ork
sho
p o
n E
nvi
ron
men
tal
Val
ue
Map
pin
g o
f t
he
Gre
at
Lak
es
for
Nov
emb
er
197
6.
Bio
log
ica
l/e
nvi
ron
men
tal
val
ue
maps
as m
anag
emen
t ai
ds h
ave
been
prod
uced
for
the
Tham
es
in E
ngla
nd,
the
Danu
be
in G
erma
ny,
and
Puge
t So
und,
Ches
apea
ke B
ay,
Galv
esto
n Ba
y, a
nd S
an F
ranc
isco
Bay
in t
he U
nite
d St
ates
. C
CIW,
Envi
ronm
ent
Cana
da,
NCAA
and
New
York
Sea
Gran
t ar
e
invo
lved
with
spec
ial
purp
ose
mapp
ing.
The
work
shop
will
prov
ide
IJC
coop
erat
or
orga
niza
tion
s wi
th a
n aw
aren
ess
of e
nvir
onme
ntal
mapp
ing
effo
rts
ongo
ing
in t
he
Grea
t La
kes
and
else
wher
e in
the
worl
d.
What
is t
he p
urpo
se o
f th
ese
maps
? T
heir
cost
to c
onst
ruct
? W
hy w
ere
cert
ain
char
acte
rist
ics
mapp
ed?
Why
were
othe
rs l
eft
out?
How
have
thes
e ma
ps b
een
used
? H
ow c
an t
hey
be u
sed
in Great Lakes management? Why were certain display techniques chosen?
Alternative displays?
The workshop will also provide anassessment of what information is
essential or non—essential to support biological value allocation. Can
we map biological entities in such a way that value becomes apparent?
Is the necessary information available? Is our knowledge of ecosystem
structure and function adequate?
The Subcommittee and the Standing Committee on Water Quality Criteria have
refined theoretical allocation formulae and a computer program. Using the
workshop product as a resource, further progress on the total mechanism is
anticipated.
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b
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c
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v
e
s
r
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c
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m
e
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d
e
d
b
y
the
S
u
b
c
o
m
m
i
t
t
e
e
a
r
e
b
a
s
e
d
o
n
b
e
s
t
a
v
a
i
l
a
b
l
e
i
n
f
o
r
m
a
t
i
o
n
.
The
S
u
b
c
o
m
m
i
t
t
e
e
w
i
l
l
c
o
n
t
i
n
u
e
to
r
e
v
i
e
w
a
va
i
l
a
b
l
e
information,
and
wi
l
l
r
e
c
o
m
m
e
n
d
r
e
vi
s
i
o
n
s
as
w
a
r
r
a
n
t
e
d
f
r
o
m
n
e
w
knowledge.
The
S
ub
c
o
m
m
i
t
t
e
e
wi
l
l
also
consider,
but
will
not
n
e
c
e
s
s
a
r
i
l
y
d
e
ve
l
o
p
o
b
j
e
c
t
i
ve
s
for
the
f
o
l
l
o
wi
n
g
p
a
r
a
m
e
t
e
r
s
:
Chemical
Characteristics
Inorganic
Barium
—
this
element
is
considered
to
be
toxic
to
humans,
and
drinking
water
standards
for
it
exist
in
both
the
United
States
and
Canada.
This
element
was
also
listed
in
the
1972
Great
Lakes
Water
Quality
Agreement
as
requiring
consideration
for
the
development
of
a
numerical
objective.
Boron
—
this
element
is
considered
toxic
to
plants
and
animals,
and
drinking
water
standards
for
it
exist
in
both
countries.
Supersaturation
of
Dissolved
Gases
—
modified
dissolved
gas
pressures
as
a
result
of
eutrophication,
thermal
or
pressurized
discharges
present
a
wide—
spread
potential
for
adversely
affecting
fish
and
aquatic
invertebrates.
Manganese
-
this
element
is
considered
to
be
toxic
to
humans
and
drinking
water
standards
limit
its
concentration
in
finished
public
water
supplies
to 50 pg/l.
Nutrients
and
Chlorophyll-a
-
N03,
POt
and
8102
-
The
Water
Quality
Objectives
Subcommittee
will
take
the
lead
in
developing
objectives
for
these
three
nutrients
and
consequently
an
objective
for
chlorophyll-a.
The
subcommittee
has
also
requested
the
Standing
Committee
on
Scientific
Basis
for
Water
Quality
Criteria
to
obtain
experts
to
assist
the
subcommittee
in
formulating
these
nutrient
objectives.
Silver
and
Thallium
- these
elements are
both known
toxicants
to
aquatic
life.
They will be examined to determine if scientifically defensible
objectives can be established from the present data base.
Phosphorus, elemental — elemental phosphorus is particularly toxic to fish
and it is subject to bioaccumulation.
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 Pulp Mill Effluent Components — pulp mill effluents are known to contain
toxic substances to aquatic life.
 
Organic
Detergents - these compounds will be examined by the Subcommittee as to
their effects on water uses as surfactants and as builders. They are
widely used in the Great Lakes basin, therefore their presence in the lakes
is a certainty. A number of these compounds have known toxic effects
to animals and to aquatic life.
Nitrilotriacetic Acid (NTA) — this compOund is used widely in the Great
Lakes drainage basin. Its presence, therefore, in the Great Lakes waters
is a certainty.
organophosphates and Carbamates — a large number of these compounds are in
 
use throughout the Great Lakes basin for the control of insects and un—
desirable plant life. They are toxic to all living organisms but because
their half—life in water is from a few days to a few weeks, they are not
generally found in Great Lakes waters. The greatest danger of these compounds
is to aquatic life through accidental spills and immediately following
indiscriminate spraying programs. The Subcommittee will be examining the
data to either set limits on individual brand named products or criteria that
can be used to protect the water uses until the data base is adequate to
set scientifically defensible objectives.
Polynuclear Aromatic Hydrocarbons (PAH) - many of these compounds are known
to be carcinogenic to animals. These compounds occur in soils and there
is evidence for their endogenous formation in plants. Materials associated
with high temperature pyrolysis, such as coal-tar, coal-tar pitch, shale oil,
carbon black have been shown to contain PAH. PAH has been isolated from
cracked mineral oils, crude oil, and shipping and harbour oils. The Great
Lakes waters are known to contain these compounds.
Rotenone — this compound is under registry as an insecticide. It is
extremely toxic to fish but is not considered to be too toxic to mammals
and birds.
Organo-tin Compounds — these compounds are insect feeding inhibitors.
They are under registry as fungicides. The extent of their use in the
Great Lakes basin is unknown. The Subcommittee is interested in these
compounds because of their extreme toxicity to fish.
TFM — 3—trifluoromethyl—4~nitrophenol - this compound is applied directly to
the waters of the Great Lakes for the control of the sea lamprey, Petromyzon
marinus and could result in the possible loss of valuable fish species
through the indiscriminate use of TFM.
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Physical
Characteristics
Asbestos
—
the
data
base
is
still
insufficient
to
recommend
a
scientifically
defensible
objective
for
asbestiform
fibres.
The
Subcommittee
will
continue
to
closely
examine
the
scientific
literature
for
new
information
on
this
material.
Biological Characteristics
Biological
Effects
of
Intakes
—
concern
over
mortality
of
organisms,
especially
fish
larvae,
by
intake
entrainment
continues.
Many
reports
on
studies
to
satisfy
USEPA
regulatory
requirements
at
high
volume
intakes
are
either
incomplete
or
not
yet
in
the
public
domain.
Research
on
putting
intake
mortality
into
perspective
with
natural
mortality
has
high
priority
within
the
power
industry
and
the
Energy
Research
and
Development
Agency
(ERDA).
As
data
become
available,
WQOS
will
pursue
development
of
a
desired
limit.
Microorganisms
—
the
Standing
Committee
on
Health
Aspects
of
the
Research
_AdviSory
Board
is
presently
considering
microorganisms
to
determine
if
it
is
scientifically
justifiable
to
supplement
total
and
fecal
coliform
—
objectives
to
provide
a
more
accurate
measure
of
conditions
to
protect
Great Lake water users.
Toxicity
Units
—
the
concept
of
evaluating
the
damage
potential
of
a
waste—
water
effluent
on
the
basis
of
toxicity
units
determined
by
volume
of
discharge
and
toxicity
testing
will
be
pursued.
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APPENDIX I
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S
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R
WATER
AND
NEUHOLD'S
EQUATION
FOR
CALCIUM/FLUORIDE
ANTAGONISM
y =2.33 + 2.03 X
where
y
=
probits
-
use
5,
which
is
LC50
x = (Log F - Log Ca + 1)
5
=
2.33
+
2.03
(Log
F
—
Log
Ca
+
1)
Ca
(ppm)
=
13
(Log
F
=
1.11
+
1)
Log
13
=
1.11
5 = 2.33 + 2.03 (Log F - .ll)
5
-
2.33
=
2.03
(Log
F)
-
.11
X
2.03
2.67
2.03 (Log F) - .22
2.89 2.03 (Log F)
2.89 + 2.03 = Log F
1.42
Log F
26.0
F cone. in mg/l
I-l
CALCIUM
The relationship between the concentrations of calcium and fluoride
ions and the LC50 of rainbow trout subjected to varying combinations of
calcium and fluoride was determined by plotting the log of the ratio of
fluoride to calcium against the probit of responses to the varying com-
bination of calcium and fluoride. A straight line relationship from which
the LC50 can be determined was found (Figure l). The LC50 was determined
between 1.01 and 4.22 [fluoride] / [calcium] at the 95 percent confidence
R
e
s
p
o
n
s
e
i
n
P
r
o
b
i
t
s
U
!
0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7
(Log. Fluoride Cone/Calcium Conc.(ppm)) +l
Figure l. The response of rainbow trout to combinations of
fluoride and calcium in the medium (expressed as the ratio
between fluoride and calcium).
level.
The sensitivity of the rainbow trout to the ratio of fluoride to
calcium was between 1.71 and 2.35 probits of response per unit change in
the log of the ratio.
The relationship between the response and the log
‘
of the fluoride/calcium ratio (Figure l) is expressed by the formula,
1
I
Y = 2.33 + 2.03X
where Y is the response in probits and X is the logarithm of the ratio
between the fluoride concentration and the calcium ion concentration plus
one unit characteristic.
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 THE
PROCEDURES
FOR
CALCULATING
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TEMPERATURE
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1. For Growth
The
necessary
minimum
data
for
the
determination
of
this
objective
are
the
physiological
optimum
temperature
and
the
ultimate
upper
incipient
lethal
temperature.
This
latter
temperature
represents
the
breaking
point
between
the
highest
temperatures
to
which
an
animal
can
be
acclimated
and
the
lowest
of
the
extreme
temperatures
that
will
kill
the
warm—acclimated
organism.
Physiological
optima
can
involve
performance,
metabolic
rate,
temperature
preference,
growth,
natural
distribution,
or
tolerance.
However,
the
most
sensitive
function
seems
to
be
growth
rate
which
appears
to
be
an
integrator
of
all
factors
affecting
an
organism.
In
the
absence
of
data
on
optimum
growth,
the
use
of
an
optimum
for
a
more
specific
function
may
be
more
desirable
than
not
developing
a
growth
objective at all.
MWAT
for
growth
were
calculated
(Table
l)
for
fish
species
for
which
appropriate
data
were
available.
These
data
were
obtained
from
the
Fish
Temperature
Data
Sheets
in
this
Appendix.
These
data
sheets
contain
the
majority
of
thermal
effects
data
for
34
species
of
freshwater
fish
and
the
s
o
ur
c
e
s
of
the
data.
In
m
a
n
y
i
n
s
t
a
n
c
e
s
no
m
a
g
i
c
n
um
b
e
r
s
jump
off
the
page
into
the
formula
for
the
MWAT
for
growth.
Some
subjectivity
is
inevitable
and
necessary.
For
example,
the
data
sheet
for
channel
catfish
i
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p
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p
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papers.
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data
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j
u
v
e
n
i
l
e
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a
d
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t
s
r
a
t
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r
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larvae.
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i
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29
and
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C.
In
this
i
n
s
t
a
n
c
e
29
C
is
j
ud
g
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d
the
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e
s
t
i
m
a
t
e
of
the
optimum.
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p
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i
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p
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p
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i
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ra
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C.
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p
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29 C + 3
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Table
1.
Objectives
for
Growth
and
Survival
of
Short—Exposures
(24
hrs)
of
Juvenile
and
Adult
Fish
During
the
Summer,
°C.
    
Maximum
Weekly
Averagea
Maximum
Temperature
forb
’
SEeCies
Temperature
for
Growth
Survival
of
Short
Exposure
3
Alewife
-_
__
3
Atlantic Salmon
20
23
Q
Bigmouth Buffalo
-_
__
p
Black Crappie
27
__
E
Bluegill
32
35
Tﬁ
Brook Trout
19
24
6
Brown Bullhead
__
__
E
Brown Trout 17 24 k
Carp
__
__
L
Channel Catfish
32
35
:
Coho Salmon
18
24
i
Emerald Shiner 30 __ g
Fathead Minnow
——
--
kl
Freshwater Drum
'——
-_
f
Lake Herring (Cisco)
17C
25
T
Lake Whitefish
——
__
T
Lake Trout
——
—_
Largemouth Bass
32
34
ﬂ
Northern
Pike
28
30
‘i
Pumpkinseed
——
__
1
Rainbow Smelt
—-
-—
Q
Rainbow Trout
19
24
:
Sauger 25 -_ I
Smallmouth
Bass
29
—-
Smallmouth Buffalo
——
—-
Sockeye Salmon
18
22
Striped Bass
——
—-
Threadfin Shad
——
—-
Walleye
25
--
White Bass
—-
-—
White Crappie
28
—-
White Perch
—-C
--
White Sucker
28
--
Yellow Perch
29
—-
a - Calculated according to the equation in the Recommendation (page 113).
b — Based on the equation in the Recommendation (page 114).
c — Based on data for larvae.
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ﬁ—___r
using the lethal threshold data for the channel catfish, we find four possible
data choices near the MWAT of 32 C (again it is preferable to use data on
juveniles or adults):
 
Acclimation temperature (°C) a_ “b
30 32.1736 -0.7811
34 26.4204 -0.6l49
30 17.7125 —O.4058
35 28.3031 -0.6554
The formula for calculating the short—term maximum is
l
o
g
(t)
=
a
+
b
(T)
where t is the time in minutes and T is the temperature in °C.
Since this temperature objective is a mean weekly value, we will assume
that an appropriate length of time one might expect a short—term maximum
temperature to persist would be 24 hr.
Any longer time would probably result
in a violation
of
the mean weekly
temperature.
Since the time is fixed at 24 hrs (1440 min), we need to solve for
temperature:
T
e
m
p
e
r
a
t
u
r
e
i
n
a
c
=
1
0
$
4
4
0
_
a
Upon solving for each of the four data points we obtain 37.1,
37.8,
35.9 and
38.4 C.
The average would be 37.3 C and after subtracting the 2 C safety factor
to provide 100 percent survival,
the short—term maximum for channel catfish
would be 35 C as appears in Table l.
MAXIMUM WEEKLY AVERAGE TEMPERATURE FOR SPAWNING
These
objectives
are
the
easiest
to
determine.
Using
the
data
sheets
in
this Appendix,
one would
use
either
the
optimum
temperature
for
spawning
or,
if
that
is
not available,
the middle
of
the
range
of
temperatures
for
spawning.
Again,
using
the
channel catfish
data,
the MWAT
for
spawning
by
the
channel
catfish
would
be
27
C
(Table
2).
Since
spawning
may
occur
over
a
period
of
a
few
months
in
a
particular
water
body
and
only
a
MWAT
for
optimum
spawning
is
estimated,
it
would
be
logical
to
use
that
optimum
for
the
middle
month
of
the
spawning
season.
For
a
spring-spawning
species,
the
MWAT
for
the
next
earlier
month
would
approximate
the
lower
temperature
of
the
range
in
spawning
temperature
and
the
MWAT
for
the
last
month
of
a usual
3—month
spawning
season would
approximate
the upper
temperature
for
the
range.
For example,
if
the
channel
catfish
spawned
from April
II-4
   
 Table
2.
O
b
j
e
c
t
i
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S
p
a
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n
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t
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xp
o
s
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s
D
u
r
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n
g
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S
p
a
w
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i
n
g
S
e
a
s
o
n
,
°C.
 
Maximum
Weekly
Averagea
Maximum
Temperature
forb
  
Species
Temperature
for
Spawning
Embrxo
Survival
Alewife
22
28c
Atlantic
Salmon
5
11
Bigmouth
Buffalo
17
27C
Black
Crappie
17
20C
Bluegill
25
34
Brook
Trout
9
13
Brown
Bullhead
24
27
Brown
Trout
8
15
Carp
21
33
Channel
Catfish
27
29C
Coho
Salmon
10
13C
Emerald
Shiner
24
28C
Fathead
Minnow
24
30
Freshwater
Drum
21
26
Lake
Herring
(Cisco)
3
8
Lake
Whitefish
5
10c
Lake
Trout
9
14C
Largemouth
Bass
21
27
Northern
Pike
11
19c
Pumpkinseed
25
29
Rainbow
Smelt
8
15
Rainbow
Trout
9
l3
Sauger
12
18c
Smallmouth
Bass
17
23c
Smallmouth
Buffalo
21
28
Sockeye
Salmon
10
13
Striped
Bass
18
24
Threadfin
Shad
19
34c
Walleye
8
17
White
Bass
17
26
White
Crappie
18
23c
White
Perch
15
20
White
Sucker
10
20
Yellow
Perch
12
20
a - The optimum or mean of the range of spawning temperatures reported for the species.
b - The upper temperature for successful incubation and hatching reported for the
species.
c - Upper temperature for spawning.
II-S
  
 to June the MWAT for the 3 months would be approximately 21, 27 and 29
C. For fall—spawning fish species the pattern or sequence of temperatures
would be reversed due to natural declining temperatures during their
spawning season.
SHORT-TERM MAXIMUM DURING SPAWNING SEASON
If these maxima were determined in the same manner as for the growing
season, we would be using the time—temperature equation as before. However,
these data are based usually on survival of juvenile and adult individuals.
Egg incubation temperature requirements are more restrictive (lower) and
this biological process would not be protected by maxima designed using
data on juvenile and adult fish. Also, spawning itself could be prematurely
stopped if those maxima were achieved. It is also likely that the maximum
spawning temperature approximates the maximum successful incubation temperature.
Consequently, the short-term maximum temperature should preferably be
based on maximum incubation temperature for successful embryo survival but
the maximum temperature for spawning is probably an acceptable alternative.
In fact, the higher of the two is probably the preferred choice as variability
in available data may indicate discrepancies in this relationship.
For the channel catfish (see Fish Temperature Data Sheet) the maximum
reported incubation temperature is 28 C and the maximum reported spawning
temperature is 29 C. Therefore, the best estimate of the short-term survival
of embryos would be 29 C (Table 2).
MAXIMUM WEEKLY AVERAGE TEMPERATURE FOR WINTER
 
As discussed earlier the MWAT for winter is necessary usually to prevent
fish mortality in the event the water temperature drops rapidly to an ambient
condition. This could occur due to power plant shutdown or a movement of
the fish itself. These MWAT are meant to apply whatever fish can congregate,
even if that is within the mixing zone.
Some stocks of yellow perch appear to require a long chill period
during the winter for optimum egg maturation and spawning. However, protection
of this species would be outside the mixing zone. In addition, the embryos
of fall spawning fish such as trout, salmon and other related species such
as cisco require low incubation temperature. For these species the MWAT
during winter would have to consider embryo survival, but again, this would
be outside the mixing zone.
With these exceptions in mind, it is unlikely that any significant effects
on fish populations would occur as long as mortality was prevented. In many
instances growth could be enhanced by winter heat addition.
There are fewer data for lower incipient lethal temperatures than for
the previously discussed upper incipient lethal temperatures (NAS/NAE, 1973).
Consequently, the data were combined to develop a generalized MWAT for
winter survival rather than use the species specific approach as in the
other types of objectives.
II-6
  
  
All
the
lower
lethal
threshold
data
for
freshwater
fish
species
were
used
to
calculate
a
regression
line.
This
line
had
a
slope
of
0.50
and
a
correlation
coefficient
of
0.75.
This
regression
line
was
then
displaced
by
approximately
2.5
C
since
it
passed
through
the
middle
of
the
data
points
and
did
not
represent
the
more
sensitive
species.
This
new
line
on
the
edge
of
the
data
array
was
then
displaced
by
a
2
C
safety
factor,
that
same
factor
discussed
earlier,
to
account
for
the
fact
that
the
original
data
points
were
for
50
percent
survival
and
the
2
C
safety
factor
should
result
in
100
percent
survival.
These
two
adjustments
in
the
original
regression
line,
therefore,
result
in
a
line
(Figure
1)
that
should
ensure
no
more
than
negligible
mortality
of
any
fish
species.
At
lower
temperatures
the
coldwater
species
appeared
to
be
different
than
the
warmwater
species
and
the
resultant
objective
(Figure
1)
takes
this
into
account.
If
fish
can
congregate
at
a
point
close
to
the
discharge,
this
Objective
could
be
a
limit
on
the
degree
rise
permissible
at
a
particular
site.
Obviously,
if
there
is
a
screened
discharge
channel
in
which
some
cooling
occurs,
the
permissible
plant
heat
rise
could
be
greater.
An
example
of
the
use
of
this
objective
would
be
if
the
ambient
water
temperature
were
10
C,
the
maximum
temperature
where
fish
could
congregate
would
be
25
C,
a
difference
of
15
C.
At
a
lower
ambient
of
about
2.5
C,
the
MWAT
would be 10 C, a 7.5 C difference.
11-7
W
‘
‘
T
‘
W
m
’
w
’
é
W
:
W
”
Q
x
‘
?
ﬁ
u
‘
 
“
U
T
E
-
1
7
%
;
?
"
.
.
“
m
y
.
.
.
Z
-
a
s
Z
-
A
J
s
u
1.»
1,
1
 
PE
R
M
I
S
S
I
B
L
E
P
L
U
M
E
T
E
M
P
E
R
A
T
U
R
E
       
30
25
20
15
WARMWATER
FISH SPECIES
10W
I
I
I \ COLDWATER
” FISH SPECIES
5 I
o
5
1o
A
M
B
I
E
N
T
T
E
M
P
E
R
A
T
U
R
E
Figure
l.
Nomograph
to
determine
the
maximum
weekly
average
temperature
of
plumes
for
various
ambienttemperatures
°C.
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Species:
Alewife,
AZosa
pseudoharengus
‘ acclimation
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larvae
Luvenile
adult
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Upper 10 20 5
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5
32* 2
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ll. Growth: we 'uvenile g_u11
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[range] __ __ __
Ill. Reproduction:
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ran
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7 * -? " 1
Migration w < -? 1.3
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and hatch L iii. 1
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24 23* 2
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18‘ 20 4
21 22 4
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'References on following page.
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**ultimate upper incipient temp.
ll.
Growth:
larvae
'uvenile
adult
Optimum and 10(9) 16-18g4) 4 9
[range] ____ __
Ill. Reproduction:
optimum
range
month(s)
Migration
adults 23 or less, smolt 10 or less
3
Spawning
MEL.
mum
0.91:;Ilesll)
1.1.1;
Incubation
'
an
d
ha
tc
h
_
_
3(3
)-l
l(1
2)
3,1
2
acclimation I _
IV. Preferred:
temperature
larvae
|uvenile
adult
4 14 2
_§u1mier__ _ ‘JJiiL lLlﬁLG) _5_.fz__
__ __l_4_ JD___
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:
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r
v
a
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'
u
v
e
n
i
l
e
a
d
u
l
t
O
p
t
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m
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_.
_
_
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]
_
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_
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—
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n
t
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(
s
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16-18(6)
l4(l)-27(6)
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and
hatch
l4(§)_-_ll(gﬁ)
2,5
‘
acclimation
.
.
IV.
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t
e
m
p
e
r
a
t
u
r
e
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juvenile
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*Ictiobus Sp. field
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I.
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:
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r
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u
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e
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a
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v
a
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p
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r
2
9
3
3
*
2
_
.
Lower
*
U
l
t
i
m
a
t
e
.
i
n
c
i
p
i
e
n
t
l
e
v
e
l
II.
G
r
o
w
t
h
:
larvae
juvenile
adult
O
p
t
i
m
u
m
a
n
d
22-25
_
2
_
_
_
[range]
(ll-30)*
_
_
_
2
_
_
*
L
i
m
i
t
s
o
f
z
e
r
o
g
r
o
w
t
h
lll.
Reproduction:
o
p
t
i
m
u
m
range
month(s)
M
i
r
a
t
i
o
n
—
—
—
—
—
S
p
g
a
w
n
i
n
g
l4(4)-20(3)
M
a
r
(
Q
-
J
u
l
y
(
3
)
3,4
Incubation
and
hatch
_
_
acclimation . _
IV.
Preferred:
temperature
larvae
mvenile
ad_ull
Summer
18-20(5)
24-34(1)
.
m
—
27-29* 6
*50% catch/effort
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Species:
Bluegill
,
Lepomis
macrochirus
      
 
acclimation
l.
Lethal
threshold:
temperature
larvae
iuvenile
adult
referenoe'
Upper
15(2), 12(8)
27(8)
31(2)
2,8
20
32
2
25(2),
26(8)
36(8)
33(2)
2,8
30
34
2
33
37
8
Lower 15(2). 12(8) 3 (8) 3(2) 2,3
20
5
2
W) 10(8) 7(2) L8__
30
11
2
33 15 8
ll. Growth:
larvae
‘uvenile
a ult
Optimum and 30(10) 24-27(3) L
[range] (22-34)(10) [16(1)-3o(4)] 1,4,10
Ill. Reproduction: optimum range month(s)
Migration ..___.___ __ _
Spawning 2.545; 19%) EL LL6—
Incubation
and hatch ﬂ_ 22—34 8
acclimation . .
IV. Preferred: temperature larvae iuvenile adult
26 Auql11) 32(9,11) __ 9_.J_1____
8 Nov 18 11
3 Feb 16 11____
26 June 3] ll
30 June 32 7
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T
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A
T
U
R
E
D
A
T
A
Species: Brook trout, Salvelinus fontinalis
acclimation
l. Lethal threshold: temperature
larvae
juvenile
adult
referencel
Upper 3 23 3
11 25 3
12 20*, 25** 2
15 25 3
20 *Newly hatched 25 3
Lower 25 **Sw1‘mup 25 3
ll. Growth: larvae iuvenile adult
Optimum and 12—15(2) 16(1) 1,2
[ra
nge
]
(7-
18)
(2)
(10_
-_1_
_9)(
1)
1,2
lll. Reproduction: optimum range month(s)
Migration —-;
. t
Spawning _<SLLL1_ HMO) M hut——
Incubation
and hatch _6_____ H3 1
acclimation . _
lV. Preferred: temperature larvae juvenile a_d_ul1
6 12 4
24 19 4
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Brook trout
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Species: Brown buHhead, Ictalurus nebulosus
    
acclimation
I. Lethal threshold:
temperature
larvae
luvenile
adult
reference'
Upper 30 35 5
Lower
ll. Growth: larvae 'uvenile adult ‘
Optimum and
____
[r0099] __ _ __
Ill. Reproduction: optimum range month(s)
Migration
—
—
—
—
—
Spawning ____. MAL-L Mar-Semis) 3,4
Incubation
an
d
hat
ch
_
_
2
&
3
)
3,4
acclimation , _
IV. Preferred: temperature larvae luvemle adult
18 May(2) 21(2) 29-31*(1) 1,2
ML 31 2
23 gem; ‘ 27 2
10
Ma
r
26
2
*final preferendum
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Species: Carp. Cypm’nus carpio
      
acclimation
I.
Lethal
threshold:
temperature
larvae
luvenile
adult
reference'
Upper
20
31-34*
3
26
36*
3
25-27
40-41
10
*24 hr. TL
Lower 5°
ll. Growth:
larvae
uvenile
a
ult
Optimum and
[range] (16-30)(9) 9
Ill. Reproduction:
optimum
range
month(s)
Migration
—
.
_
_
Spawning 19-23(2) l4(4)-26(2) Mar-Aims) 2,4,5
Incubation
and hatch 17—22(7) ?-33(1) 1,7
Limit for 10 min. exposure of early embryo
is35° . 1
acclimation . _
lV. Preferred: temperature larvae ﬁvemle adult
25-35 31-32 6
Summer 33—35 8
to 17 6
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i
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l
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a
d
u
l
t
r
e
f
e
r
e
n
c
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'
U
p
p
e
r
20
33
l
25
35
1
3o
36
1
Lower
20
5
1
25
7
1
30
12
1
ll.
Growth:
larvae
iuvenile
a
ult
Optimum
and
27(2)
30(8)
2,8
[range]
(20-30)(2)
(23-31M§)
2,8
29110) 2211) 10,11
lll.
Reproduction:
optimum
range
month(s)
Migration
27(4)
A
J
(3)
3 4
' 2l 4 l6- pr- une _#4
Spawning
Nov—May(4)
Incubation
and hatch LNL 13(6)—26(9) 5,6,9
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27-28** 7
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**Field, larger
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Species:
|. Lethal threshold:
Upper
Lower
ll. Growth:
Optimum and
[range]
Ill. Reproduction:
Migration
Spawning
Incubation
and hatch
IV. Preferred:
F
I
S
H
T
E
M
P
E
R
A
T
U
R
E
D
A
T
A
N
o
r
t
h
e
r
n
p
i
k
e
,
E
s
o
x
Z
u
c
i
u
s
     
 
acclimation
,
,
,
t
e
m
p
e
r
a
t
u
r
e
larvae
luvenlle
adult
r
e
f
e
r
e
n
c
e
l8
25,28*
2
2
5
32
4
1
27
33
l
30
33**
l
*At
hatch
and
free
swimming,
respectively
*
*
U
l
t
i
m
a
t
e
incipient
level
18
3*
_2
*At hatch and free swimming
larvae
iuvenile
adult
2l
26
2
( 1 8-26 )
___~
.
2
—
optimum range we.)
4(4l-l8l3l Feb-June(5) 3.4.5
12 7-l9 2
acclimation . _
temperature larvae luvenile a_d_uﬂ
24,26* 6
*Grass pickerel and musky,
respectively
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Species:
Pumpkinseed,
Lepomis
gibbosus
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I.
Lethal
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t
e
m
p
e
r
a
t
ur
e
larvae
juvenile
adult
I
referenoe'
Upper
Lower
ll.
Growth:
larvae
iuvenile
a
ult
Optimum and 30 1
[range]
_
_
15-?
1
III. Reproduction:
optimum
range
month(s)
Migration
Spawning & M_ay-Auq 3
Incubation
and hatch __
acclimation . _
IV. Preferred: temperature larvae luvenile QM
19 May 21 2
24 June 31 2
26 Sept 33 2
8 Nov 10 2
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Pumpkinseed
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Species:
Rainbow
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Osmerus
mordax
acclimation
I.
L
e
t
h
a
l
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t
e
m
p
e
r
a
t
u
r
e
larvae
[uvenile
adult
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Upper
Lower
-
_
_
_
ll.
Growth:
larvae
juvenile
a
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O
p
t
i
m
u
m
and
[range] __ __ __
Ill. Reproduction:
optimum
range
month(s)
.
.
4-5
1
MI ration
Spgmning 0.6-15 April 2
Incubation
and hatch __ 5'15 3
acclimation _ I
IV. Preferred: temperature larvae m a_ul_t
6—14 4
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S
p
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c
i
e
s
:
R
a
i
n
b
o
w
t
r
o
u
t
,
S
a
l
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o
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a
i
r
d
n
e
r
i
acclimation
l.
L
e
t
h
a
l
t
h
r
e
s
h
o
l
d
:
t
e
m
p
e
r
a
t
u
r
e
l
a
r
v
a
e
M
e
n
i
l
e
a
d
u
l
t
r
e
f
e
r
e
n
o
e
'
U
p
p
e
r
18
27
1
1
9
2
1
2
L
o
w
e
r
_
_
_
h
E
ii.
G
r
o
w
t
h
:
larvae
juvenile
adult
O
p
t
i
m
u
m
a
n
d
17-19
5
[range]
[3(8)-20(11)]
8.1]
III.
Reproduction:
o
p
t
i
m
u
m
range
month(s)
Migration ____ __
Spawning 9 10 543(5) Nov-FebU) 6,7,10
Incubation
Feb'dunem
and hatch Elli 543(4) 4,9
acclimation . .
IV.
Preferred:
temperature
larvae
luvenile
adult
Not
given
14
'
_3___
13-20
13-19
J
J
_
_
18&24
18&.2_2_._r_eﬂ.
_
_
.12__
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E
R
A
T
U
R
E
D
A
T
A
acclimation
Sauger‘,
S
t
i
zo
s
t
e
d
i
o
n
canadense
     
I.
L
e
t
h
a
l
threshold:
t
e
m
p
e
r
a
t
u
r
e
larvae
juvenile
adult
reference'
Upper 10 27 4
12 27 4
18 29 4
22
3o
4
26
3o
4
Lower
ll.
Growth:
larvae
iuvenile
a
ult
Optimum and 22 4
[range]
(16-26)
4
III. Reproduction:
optimum
range
month(s)
Migration ____._
Spawning 9-15l4l* 6(12—15l4) Apr(D-June(3) 1,3,4
Incubation
and hatch 12-15 9-18 4
*for fertilization
acclimation . I
IV. Preferred: temperature larvae Luvenile adult
19* 2
21:29 _5____
*field
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i
c
r
o
p
t
e
m
s
d
o
l
o
m
i
e
m
l
        
acclimation
_
.
I
l.
L
e
t
h
a
l
t
h
r
e
s
h
o
l
d
:
t
e
m
p
e
r
a
t
u
r
e
l
a
r
v
a
e
l
u
v
e
n
i
l
e
a
d
u
l
t
r
e
f
e
r
e
n
c
e
U
p
p
e
r
3
8
*
(
8
)
3
5
(
3
)
8
,
3
*
a
c
c
l
i
m
a
t
i
o
n
—
n
o
t
—
g
i
v
e
n
_
—
_
_
_
-
L
o
w
e
r
.
1
5
(
3
)
A
t
a
r
i
_
2
_
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n
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i
g
r
a
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i
o
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_u__
*juvenile
and
adult
i
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r
h
y
n
c
h
u
s
n
e
r
k
a
acclimation
l.
L
e
t
h
a
l
t
h
r
e
s
h
o
l
d
:
t
e
m
p
e
r
a
t
u
r
e
l
a
r
v
a
e
M
a
n
t
l
e
a
d
u
l
t
r
e
f
e
r
e
n
o
e
'
U
p
p
e
r
5
22
1
1
0
2
3
1
15
24
1
2
0
2
5
1
Lower
5
0
1
1
o
3
1
15
4
J
2
0
5
.
1
23
7
1
ll.
G
r
o
wt
h
:
larvae
juvenile
adult
Optimum
and
15(5)
15(2)*
2,5
[
r
a
n
g
e
]
1
-1
4
_
.
(11-17)
7
*Max. with excess food
Ill.
Reproduction:
optimum
range
month(s)
Migration
7'16
4
Spawning
_Z-_13_.
Fa“
5
Incubation
and hatch __
acclimation . .
IV.
Preferred:
temperature
larvae
mvenile
95M
Summer 15 3
'References on following page.
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 Sockeye salmon
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S
p
e
c
i
e
s
:
S
t
r
i
p
e
d
b
a
s
s
,
M
o
r
o
n
e
s
a
x
a
t
i
l
i
s
acclimation
l.
L
e
t
h
a
l
t
h
r
e
s
h
o
l
d
:
t
e
m
p
e
r
a
t
u
r
e
l
a
r
v
a
e
j
u
v
e
n
i
l
e
a
d
u
l
t
r
e
f
e
r
e
n
c
e
l
U
p
p
e
r
n
o
t
q
i
v
e
n
3
5
*
8
*
*
2
*EaBorafory
Lower
**F1'eld
observation
ll.
G
r
o
w
t
h
:
larvae
juvenile
adult
Optimum and
[range]
____
_
_
_
_
Ill.
Reproduction:
ogtimum
range
month(s)
Migration
_
.
.
_
6'8
2
Spawning
16—19
2
12-22(1i
Apr-June“)
_1,2
Incubation
and
hatch
16-24
1
acclimation _ .
IV.
Preferred:
temperature
larvae
Evenile
adult
5 Dec 12 3
14 Nov 22 3
21 Oct 26 3
28 July 28 3
'References on following page.
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 Striped bass
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Species:
F
I
S
H
T
E
M
P
E
R
A
T
U
R
E
D
A
T
A
T
h
r
e
a
d
f
i
n
s
h
a
d
,
D
o
r
o
s
o
m
a
p
e
t
e
n
e
n
s
e
 
l. Lethal threshold:
Upper
Lower
ll. Growth:
Optimum and
[range]
lll. Reproduction:
Migration
Spawning
incubation
and hatch
|\/. l3referrexj:
    
 
 
 
acclimation
.
.
'
t
e
m
p
e
r
a
t
u
r
e
l
a
r
v
a
e
M
e
n
u
le
a
d
u
l
t
r
e
f
e
r
e
n
c
e
9* l
*iowest permitting
. .some survival
larvae
[uvenile
adult
optimum
range
m0nth(s)
l4(3)-23(4) Apr-Aug(4) 3,4
23(4)-34(5) 4,5
acclimation . _
temperature larvae uvenile adult
>19 2
 
 
'References on following page.
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Threadfin shad
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 Species:
I.
L
e
t
h
a
l
t
h
r
e
s
h
o
l
d
:
Upper
Lower
ll. Growth:
Optimum and
[Hinge]
lll. Reproduction:
Migration
Spawning
Incubation
and hatch
IV. Preferred:
F
I
S
H
T
E
M
P
E
R
A
T
U
R
E
D
A
T
A
Wa'l
1 e
y
e
,
S
t
i
z
o
s
t
e
d
i
o
n
v73t
r
e
w
n
      
acclimation
_
.
I
t
e
m
p
e
r
a
t
u
r
e
l
a
r
v
a
e
L
u
v
e
n
i
l
e
a
d
u
l
t
r
e
f
e
r
e
n
c
e
1
2
2
9
1
16
31
1
22
31
1
2
6
31
1
l
a
r
v
a
e
juvenile
a
d
ul
t
_
_
_
E
L
L
20
6
_l,§__
_
_
_
(l6;2&)_
_
_
_
L
_
.
_
o
p
t
i
m
um
range
month(s)
a
L
4
6—9(l)*
4(7)-17(5)
Apr—May(4)
1,5,7,4
9-1 5 1
*for fert11ization
acclimation
.
.
temperature larvae uvenile adult
23* 2
22-25(1)
25(3)*
L
3
—
*f1' e1 d
'References on following page.
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 Species:
I. Lethal threshold: temperature
Upper
Lower
II. Growth:
Optimum and
Home]
Ill. Reproduction:
Migration
Spawning
Incubation
and hatch
IV. Preferred:
 
FISH TEMPERATURE DATA
White bass, Morone chrysops
   
acclimation , _ I
larvae luvenlle adult reference
1 7 14* 3
*% mortality not given
larvae juvenile a ult
_
_
.2
4_
—_
30
_.
_
_
7
optimum range month(s)
14-20 (north) %SKE%HSe 4
12
-?
(T
en
n)
Ma
r—
Ma
y
Te
nn
1
16(2)-26(6) 2,6
acclimation . _
te
mp
er
at
ur
e
la
rv
ae
Ju
ve
ni
le
a_
_g
l1
Summer 28-30* 5
*F1' e1 d
 
'References on following page.
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FISH TEMPERATURE DATA
      
Species: White crappie, Pomoxis annulam's
acclimation
l. Lethal threshold: temperature larvae juvenile adult reference'
Up
pe
r
29
33
4
Lower . . __ __._
ll. Growth: larvae iuvenile adul
Op
ti
mu
m
an
d
_
25
4
[range] __ _—
Ill. Reproduction: optimum range month(s)
Migration _
Sp
aw
ni
ng
16
—2
0(
5)
14
-2
3(
5)
M3
r-
Ju
lv
l3
)
3.5
Incubation
a
n
d
ha
tc
h
_
L
9
_
_
_
_
14
_-
21
_
5
Hat
ch
in
24-
27—
1/2
hrs
. a
t 2
1-2
3
2
- acclimation _ .
IV. Preferred: temperature larvae luvenile adult
27
Jul
i/(
6)
28(
6)
35
1(
1)
1_
.6
__
__
3
Jan
8
6_
__
_
5
Ma
r
10
6
24
Ju
ne
26
6
'References on following page.
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White crappie
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 FISH TEMPERATURE DATA
        
Species: White perch, Morone mnemlcana
acclimation
l. Lethal threshold: temperature
larvae
juvenile
adult
referenoe'
Upper
Lower
ll. Growth: larvae juvenile adult
Optimum and ....
[F0098] __ ____ ——
lll. Reproduction: optimum rangg month(s)
Migration _
spawning li(3)-20(l) May-June(3) 1,3
Incubation
and hatch __ __
acclimation . _
IV. Preferred: temperature larvae luvenile g_u_ll
'6 10 2
15 20 2
20 25 2
26-30 31-32 2
'References on following page.
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 White perch
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 FISH TEMPERATURE DATA
Species: White sucker, Catostomus comersoni
acclimation
     
 
 
I. Lethal threshold:
temperature
larvae
luvenile
adult
reference'
Upper 13 28(1)* 53'? £2
15 31(1) 29(2) 1,2
20(2), 21(1) 30(1) 29(2) 1,2
25 29 2
25-26 31 3
Lower *7-day TL50 for swimup
20 2-2 1
21 6* 1
25 6 1
*7-day TL50 for swimup
ll. Growth: larvae juvenile adult
Optimum and
27
.__
________1
[range] (24-27) 1
Ill. Reproduction: optimum 1309; month(s)
Migration ——
spawning «410(5) ~4—18(5,6) Mar-June(2) 2,5,6 _
Incubation
and hatch _15_ 9'20 1
acclimation . _
IV. Preferred: temperature larvae |uvemle gill
19-21 4
'References on following page.
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Nhite sucker
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SDECiESI
Yellow
perch,
Perca
fZavescens
acclimation
l.
L
e
t
h
a
l
t
h
r
e
s
h
o
l
d
:
t
e
m
p
e
r
a
t
u
r
e
l
a
r
v
a
e
W
i
l
e
a
d
u
l
t
r
e
f
e
r
e
n
o
e
'
Upper
5
21
1
10(1),
10(4)
10(4)*
25(1)
1,4
M
1
1
(
4
)
:
E
.
Z
t
l
i
L
L
_
4
_
_
1
4
25
32
1o
*swimup
Lower
25
9
10
ll.
Growth:
larvae
juvenile
adult
Optimum
and
28
11
[range]
(25-3mm)
[13(6)-20(7)1
6.7,11
Ill.
Reproduction:
o
p
t
i
m
um
range
month(s)
Migration
____.
_
_
Spawning
__12L31_
261-4523)
Mabluneﬂi)
1
.
5
L
—
Incubation
and
hatch
10
up
1°[day
7-20
4
to 20
acclimation
.
.
IV.
Preferred:
temperature
larvae
luvenile
adult
Winter
21
2
_
2
_
_
§ummer
_
2
4
_
.____
.
2
.
—
24
20-23
18-20
9
25 22 8
7 19 8
3
2
20
8
References
on
followmg
page.
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11.
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 EXAMPLES
Again,
it
is
necessary
at
times
to
make
subjective
decisions
based
on
knowledge
of
existing
aquatic
systems
and
common
sense.
For
some
fish
species
for
which
there
may
be
few
or
relatively
poor
data,
this
subjectivity
becomes
important.
Even
if
several
people
were
to
calculate
various
temperature
objectives
for
species
with
numerous,
high
quality
data,
it
is
likely
that
they
would
not
agree
in
all
instances.
The
following
examples
for
warmwater
and
coldwater
species
are
presented
only
as
examples
and
are
not
at
all
intended
to
be
waterbody-specific
recommendations.
Local
extenuating
circumstances
may
warrant
differences,
or
the
basic
conditions
of
the
examples
may
be
slightly
unrealistic.
EXAMPLE I
Tables
1
and
2,
Figure
l,
and
NAS/NAE
(1973)
are
the
principal
data
sources
for
the
objectives
for
this
example.
The
following
waterbody—
specific
data
are
necessary
and
in
this
example
are
not
precisely
factual:
1.
Species
to
be
protected
by
the
objectives:
They
will
be
the
channel
catfish,
largemouth
bass,
bluegill,
white
crappie,
freshwater
drum
and
bigmouth
buffalo.
2.
Local
spawning
seasons
for
these
species:
They
are
April
to
June
for
the
white
crappie
and
the
bigmouth
buffalo.
For
the
other
species
the
spawning
season
is
from
May
to
July.
3.
Normal
ambient
winter
temperature:
In
this
example
it
will
be
5
C
in
December
and
January;
and
10
C
in
November,
February
and
March.
4.
The
principal
growing
season
for
these
fish
species:
This
would
be July through September.
5.
Any
local extenuating
circumstances
should
be
incorporated
into
the
objectives
as
appropriate.
.Some examples
would
be yellow perch
gamete maturation in the winter, very temperature sensitive
endangered species, or important fish food organisms that are very
temperature
sensitive.
For
the
example we will
have
no
extenuating
circumstances.
In some instances there will be insufficient data to determine each
necessary objective for each species.
One must make estimates based on any
available data or by extrapolation from data for species for which there are
adequate data.
For instance, this includes the bigmouth buffalo and freshwater
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drum
for
which
no
growth
or
short—term
summer
maxima
are
available
(Table
1).
One
would
of
necessity
have
to
estimate
that
its
summer
objective
would
not
be
lower
than
that
for
the
white
crappie
which
has
a
spawning
requirement
as
low
as
for
the
other
two
species.
The
choice
of
important
fish
species
is
very
critical.
Since
in
this
example
the
white
crappie
is
as
temperature
sensitive
as
any
of
the
species,
the
maximum
weekly
average
temperature
for
summer
growth
is
based
on
the
white
crappie.
Consequently,
this
objective
would
result
in
lower
than
optimal
conditions
for
the
channel
catfish,
bluegill
and
largemouth
bass.
An
alternate
approach
would
be
to
develop
objectives
for
the
single
most
important
species
even
if
the
most
sensitive
is
not
well
protected.
The
choice
is
a
socioeconomic
one.
Before
developing
a
set
of
objectives
such
as
in
Table
3,
one
should
study
the
material
in
Tables
1
and
2
for
the
species
of
concern.
In
this
example
it
is
evident
that
the
lowest
objective
for
summer
growth
for
the
species
for
which
data
are
available,
would
be
the
white
crappie
(28
C).
However,
there
is
no
short—term
maximum
since
the
data
are
not
available
(see
Fish
Temperature
Data
Sheets).
For
the
species
for
which
there
are
data,
the
lowest
short-term
maximum
is
for
the
largemOuth
bass
(34
C).
In
this
example,
we
have
all
the
necessary
data
for
spawning
and
short—term
maxima
for
embryo
survival
for
all
species
of
concern
(Table
2).
During
the
winter,
objectives
may
be
necessary
both
for
the
heated
plume
or
mixing
zone
as
well
as
for
the
receiving
water.
Receiving
water
objectives
would
be
necessary
if
an
important
fish
species
were
known
to
have
gamete
maturation
requirements
like
the
yellow
perch,
or
embryo
incubation
requirements
like
trout,
salmon,
cisco,
etc.
In
this.example
there
is
no
need
for
receiving
water
objectives
in
the
winter.
At
this
point,
we
are
ready
to
complete
Table
3
for
our
first
example.
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 TABLE 3.
Maximum
Weekly
Average
Temperature
(fC)
Objectives for Example 1
 
Month
Receiving
Water
Heated
Plume
Decision
Basis
January
--a
15
Figure
1
February
——2
25
Figure
1
March
——
25
Figure
1
April
18
-——
White
crappie
spawning
May
21
—-
Largemouth
bass
spawning
June
25
--
Bluegill
spawning
and
white crappie growth
July
28
--
White
crappie
growth
August
28
-—
White
crappie
growth
September
28
——
White
crappie
growth
October
21
--
Normal
gradual
seasonal
decline
November
—-a
25
Figure
1
December
——a
15
Figure
1
Month
Short—term
Maximum
Decision
Basis
January
None
needed
--
February
None
needed
~—
March
None
needed
--
b
April
26
Largemouth bass
survival
(estimated)
May
29
Largemouth bass
survival
(estimated) b
June
34
Largemouth bassb survival
JU1Y 34 Largemouth bassb survival
August
34
Largemouth bassb survival
September 34 Largemouth bassb survival
October
29
Largemouth bass
survival
November
None needed
--
December
None needed
--
a
If a species had required a winter chill period for gamete maturation of egg
incubation, receiving water objectives would also be required.
b
No data available for the slightly more sensitive white crappie.
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EXAMPLE 2
A
l
l
of
the
g
e
n
e
r
a
l
c
o
n
c
e
r
n
s
and
data
s
o
ur
c
e
s
p
r
e
s
e
n
t
e
d
t
h
r
o
ug
h
o
ut
the
d
i
s
c
u
s
s
i
o
n
a
n
d
d
e
r
i
v
a
t
i
o
n
o
f
E
x
a
m
p
l
e
1
w
i
l
l
a
p
p
l
y
h
e
r
e
.
1.
S
p
e
c
i
e
s
to
b
e
p
r
o
t
e
c
t
e
d
b
y
t
h
e
o
b
j
e
c
t
i
v
e
s
:
T
h
e
y
w
i
l
l
b
e
t
h
e
r
a
i
n
b
o
w
a
n
d
b
r
o
w
n
t
r
o
u
t
a
n
d
t
h
e
c
o
h
o
s
a
l
m
o
n
.
2.
L
o
c
a
l
s
p
a
wn
i
n
g
seasons
for
t
h
e
s
e
species:
T
h
e
y
are
N
o
ve
m
b
e
r
t
h
r
o
ug
h
J
a
n
ua
r
y
for
r
a
i
n
b
o
w
trout;
and
N
o
ve
m
b
e
r
t
h
r
o
ug
h
D
e
c
e
m
b
e
r
f
o
r
t
h
e
b
r
o
w
n
t
r
o
u
t
a
n
d
c
o
h
o
s
a
l
m
o
n
.
3.
Normal
ambient
winter
temperature:
In
this
example
it
will
be
S
2
C
in
N
o
ve
m
b
e
r
t
h
r
o
ug
h
F
e
b
r
u
a
r
y
and
5
C
in
October,
M
a
r
c
h
and
1
April.
‘
4.
T
h
e
p
r
i
n
c
i
p
a
l
g
r
o
w
i
n
g
s
e
a
s
o
n
for
these
f
i
s
h
species:
This
w
o
u
l
d
%
be
June
through
September.
\
i
i
5.
C
o
n
s
i
d
e
r
a
n
y
l
o
c
a
l
e
x
t
e
n
u
a
t
i
n
g
c
i
r
c
um
s
t
a
n
C
e
s
:
There
a
r
e
none
in
‘
I
t
h
i
s
example.
i
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TABLE 4.
Objectives for Example 2
Maximum
Weekly
Average
Temperature
(°C)
 
 
Month
Receiving
Water
Heated
Plume
Decision
Basis
January
9
10
Rainbow
trout spawning
and Figure 1
February
13
10
Normal gradual
seasonal rise and
Figure 1
March
13
15
Normal
gradual
seasonal rise and
Figure 1
APril
14
15
Normal gradual
seasonal rise and
Figure 1
May
15
--
Normal gradual
seasonal rise
June
17
—-
Brown
trout
growth
July
17
—-
Brown
trout
growth
August
17
--
Brown
trout
growth
September
17
-—
Brown
trout
growth
October
12
15
Normal
gradual
seasonal decline
November
8
10
Brown
trout
spawning
and Figure 1
December
8
10
Brown
trout
spawning
and Figure 1
Month
Short-term Maximum
Decision Basis
January
13
Embryo survival for rainbow
trout and coho salmon
February
13
Embryo survival for rainbow
trout and coho salmon
March
13
Embryo survival for rainbow
trout and coho salmon
April
__
--
May
--
--
June
23
Short—term maximum for brown
trout survival
July
23
Short—term maximum for brown
trout survival
August 23 Short—term maximum for brown
trout survival
September 23 Short-term maximum for brown
trout survival
October
—-
--
November 13 Embryo survival for rainbow
trout and coho salmon
December 13 Embryo survival for rainbow
trout and coho salmon
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